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(1.) To investigate and explain the phenomena of na- 
tDre,and to exhibit with cleameiis snd perspicuity theUws 
which prevail among them, it U necessary to group the 
objeclfl and appearances which are under consideration 
in classea diatinguished by definite lines of separation. 
This system ought, liowever, to be regarded as artificial, 
and adopted as an aid to the hmited powers of the human 
mindj rather than as corresponding to the actual state of 
the natural world. Material substances, and the various 
relationB which are developed by their niuCiial agency, 
exist separately and intUvidually ; science arranges ibcni 
in classes, according to certain simUitudes and analogies 
which are observed among them ; hut this classification 
is often to a great extent arbitrary, and the iniUviduals 
of one class are hj irajteiceptible degrees shaded off into 
(hose of another, lilie the languages, manners, and liabits 
of adjacent eounlries between which no natural boundary 




(S.) The mast striking quality of bodies which ilcpeniU 
on tlie fluid elate, and that, indeed, hy which tliis state 
is mainlj distinguished from the solid, is the power W 
transmit pressure equally in every direclion. In mathe- 
matical treatJEeg, this property is usually taken as the 
definition of fluidity, and as tlie hasis of the reasoning 
by nhich the whole EUperstructore of the b 
raised. 
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ider this property intelligible, let us suppowv! 
eloBo vessel of any form, sutli as A B C D E, fig. ll," 
having an aperture at O in which a tube or cyhnder, 
O T, is inserted. Let us conceive tins vessel completely 
filled with liquid to the level of the mouth, O, of the 
aperture. Let us now suppose a soUd piston or plug, P, 
inserled in the tube, and pressed downwards untU it 
cornea into contact with the Uquid. If the piston thui 



circumstuiced. be u^ed upon the liquid with uny given 
force, as ttiat of one pound, an equal pressure will be 
tratismilted to every part of the surface of ihe vessel 
equal in magnitude to the base of the piston, I'. Thqe, 
if the base of the piston be equal to one square inch, 
then a pressure of one pound tvill be excited on every 
square inch of the inner surface of the vessel, and a force 
tending to hnrst the vessel will be produced, the total 
amount of which will be as tnany pounds as there are 
square inches in the inner surface of the vessel. If the 
whole inner surface of the vessel amounted (o 10,000 i 
square inches, then a pressure of one pound on the piston 
would produce a force tenduig to burst the vessel, the 
whole amount of which woulil be 9099 pounds. 

(3.) This property may be conceived to be experi- 
inentaJly established in the following manner; — 

Fig. 2. 
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Let A B C D be tt close vcMsel (Jig. 9.), the top of 
which, A B, is horizontal. Let O, O' be two apertures 
□f the magnitude of a square inch, and into these let two 
cylinders be screwed. Let water, or any other liquid, 
be now poured into the vessel, mitil its surface reach 
the apertures O, O', and every part of the vessel be filled. 
Let pistons be inserted in the cylinders, so as to move 
water tight in them, and let the piston P be loaded so 
as to press upon the surface of the water with a force 
equfti to one pound. If the piston P' press on the sur- 
face of the water witli a force less than one pound, it 
will be observed immediately to rise, while the piston. C 
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icenda. Thus it appears tliat the pressure transmitted 
hy meiiDB of the water from the base of [he piston P Id 
the base of the piston F' is not less than a pound. Nov 
guppose the piston P' to press upon the surface of &e 
water with a force greater than a pound, then the piston 
P' will descend in the cylinder, and the piston P will 
rise. Thus it appears that the force of one pound acting 
at P transmits to P' a presBUre which is unable to resist 
a force greater than a pound. From these two experi- 
ments it appears that the pressure transmitted to P' is 
neither greater nor less than a pound, and is therefore 
equal Co a pound. 

This may further be verified by loading the piston P' 
so as 10 excite upon the liquid a pressure amounting to 
one pound. It will then be observed that the pistons 
will just balance one another. In general it will be 
observed, that so long as the two pistons are equally 
loaded, whatever be the amount of the force acting on 
them, they will balance each other, and neither will be 
displaced ; but at the moment when any force is giveu 
to one greater than that wliich acta upon the other, how- 
ever inconsiderable the excess may be, that which is 
urged by the greater force will descend, and will transmit 
a force to the other wliich will compel its ascent. 

It therefore appears that any force whatever, which 
acts upon a square inch of the surface of the water at P, 
pressing it inwards, will produce an equal force upon the 
square inch of surface forming the base of the piston P', 
tending to force it outwards. It is evident that this 
would be equally true if the surface which forms the 
base of the piston P* were a part of (he inner surface of 
die vessel, and that no aperture or cylinder existed at O'. 
It is also evident that the same results would be obtained, 
in whatever part of the vessel the aperture O might be 
pUceil; and therefore we infer that every separate square 
inch of surface receives from the b'quid in contact with 
it a pressure equal in amount to the pressure which la 
«dted on the water by the pieton P. 



Fig. 3. 



This important property may be fiuther elucidated si 
follows : — 

We have supposed that tlie two apertures and the 

piiiODB which fill them were equal in magnitude. Let 

Vt now suppose that the aperture O' is ten times the 

igpjgnitude of the aperture O {fy. 3.). It followe, from 

I ik 

what has been already explniued, that a preeEure of one 
pound acting inwards at P will produce a pressure of 
one pound acting outwards on every square inch in the 
base of the piston P'; and tlierefore the piston P' will be 
urged upwards by a force amounting to ten pounds. 
Accordingly, we shall find that if this piston be loaded 
with a weight of ten poundsj it will resiit the pressure 
of the liquid, and will not suffer ileelf to be forced up- 
wards in the cylinder ; but, on the other hand, this 
wd^t will not enable it to force the liquid inwards, and 
it will merdy rodntain its position. If it be loaded with 
a weight greater than ten pounds, it will force the hquid 
inwards, and will raise the piston P ; and if it be lo8<led 
with a weight leas than ten pounds, the piston P will 
force it upwards. It appears, therefore, that the pressure 
excited on the ten square inches of surface forming the 
base of the piston P' is ten pounds, and neither more 
nor less. Id the same manner, whatever be the propor- 
tion which thn base of the greater pialon P' bears t^ 
bue of the leaser piston P, in exactly the same dt 
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tranamitted bj the liquid from P W I 
lultiplied. 
There are same circumEtances which impair the at 
curacj with which the practical results of the espen* 
mental illustratiana, conducted in thi 
acribed, represent the concluBiona at which, by reasoning, 
we have arriyed. That the pistons P, P' may move in 
the cyhnilers so as not to allow the liqujil to cscipB 
between them and ihe inner BUrfnce of die tube, it b 
necessary chat they should press upon that surface with 
a certain force : this pressure will unavoidably be ao 
compajiiEd hy friction; and, before the pressure excited 
on one piston can produce a perceptible effect in moving 
the other, an excess of force must be produced sufficient 
to overcome the friction of both pistons. Thus, iTt_fig.2., 
if the pistons be equally loaded, a small adihtional wmght 
on either will not always cause the other to ascend ; it 
will only do so when its force exceeds the amount of 
the resistance occasioned by the friction of tile pistons. 

This inconvenience may be removed by applying the 
pressure on the surface of the liquid at O and O' by 
some means which will not be attended with perceptible 
friction. Such means are easily found; and although thej 
may at the first view appear to confirm the theory by a 
more indirect process, yet, when duly considered, it WiB 
be perceived that the method is not only direct, 1 
gadafactory than the former. 





(4.) Let us suppose the pistons P, P' removed from 
'ye cylinders, and let circular plates, so formed tha.t thcY 
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_ over the ftpcrlures O, O', lum upon toiIk 

hcxiend across the boles, so that, being tumeU upon 
these rods, ibej will in one poaition completely slop the 
Bp«rtares, their flat faces being presented to die liquid, 
as in Jig. i.; while in another positioii they will leave the 
spertores open, having their edges turned towards the 
liquid, asinfy.S. Thus, in the portion represented 
inj^. 4., all communication between the liquid in the 
vessel and the external part of the cylinder is cut off, 
nhile in the position represented iajiy. 5. there is a &ee 



Firat, let the two Tsivea V, V be cloBcd, as in j&j. 4,, 
and let one pound of oil be ponred into the cjlinder C. 
It is evident that the valve V will now sustain a pressure 
of ooe pound ; and if that valve were removed, as the 
od would not mix with the watet but rest upon it, the 
vatCT would sustain the same pressure. Let the valve 
V be turned till it assurnes the position represented in 
^.5.; the weight of tile oil will now press upon the 
toiface of the water; and, as there will be Da sensible 
6iction between the oil, and the surface of the cylinder, 
m undiminisbed pressure of one pound will be trans- 
mitted to every square inch of the surface of the vessel, 
md, among o^ers, to the surface of the valve V, which 
win be pressed upwards with a force of (hat amount. 
That the valve V is pressed by such a force may be 
made manifest as follows: — Let a pound of oil be poured 
into the tube C: this will press upon the valve V with 
( force of one pound ; and if the valve V be turned into 
the position represented in J?ff. 5., the same pressure will 
i« upon tile surface of the water below. It will then 
be observed that this surface will maintain its position, 
neilher forcing the oil up, nor being forced down by it. 
If le«B than a pound of oil had been poured into the 
tnbe C, tlie pressure of the water below would prevail, 
■nd in surface would rise in (he tube ; and it would only 
be leitoied to its former position by pouring iu so much 
ntive oil as would make the weight of the vAitAe one 
pmad. If etUi more irerc poured in, the picsauie «1 
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the oil would prevail] Knd the snHsce of the water wodd 

the Cube. Thus it appeui concludvelf, that i 

me pound excited at V is transmitted dd* 
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dintioiihed to V; and in the nine m; ii truunullcd 
every square inch on the Burfece of the vessel. 

(5.) By the same reasoning it may be shown, that if 
the cylinder C were greater than C, it would require a 
proportionally greater weight of oil to resist the asMOt 
of die water, and we should arrive at the same coudu- 
nons as we have obtained respecting the piston repre- 
•enced inj^, 3. 

(6.) By this singular power of transinitling pressnie, 
a fluid beoomes, in tlu: strictest secse of tile term, a 
nuKhitie, and one of unequalled Eimplicity and almost 
anlimiied power : as such it is amenable to all the laws, 
and fulfilB all the conditions, to which ordinary machines 
are subject. The surprising effects which are consequent 
on the property of Uquids which we have just explained, 
exhibited under various fonns, which we sliall presently 
have occasion to notice more particularly, have acquired 
fiff it the name of the " hydrostatic paradox." But, in 
truth, there is nothing in these efltcts more deaerviog 
the title of paradox than those which attend every ma- 
chine. In various parts of our treatise on Klechanics, 
•nd more especially in the twelfth chapter of that vo- 
lume, it has been proved that there is nothing paTa< 
doxicat, or repugnant to the results of common observa- 
tion, in the effects produced by machinery. We shall 
son endeavour to show that the same principles are 



mitting force from one point to another. 






force of fl pound acting on the piston F,Jig.6.,holdB 
uilibrium a force of ten pouiKls acting on the piston 
In this case, however, it must not be supposed thnt 
istoQ P supports the ten pouuds which press down 
iston P': the bottom of the vessel sustains by its 
ance nine of ihe ten pounds acting on the pietou P', 
the remaining pound atone is resisted b; tlie pis- 

le circumstances attending the action of these forces 
' in nothing jrom those of a lever of the first kind, 
irting a wdght of ten pounds on the shorter arraj 
ced by a weight of one pound on the longer arm. 
liquid performs the office of the bar, by transmitting 
fieet of the lesser weight to tlic greater ; and the 
cea of the vessel which contains the liquid perform 
ffiee of tlie fulcrum by suBtaining both the power 

the piston P be used to ruse the piston P', instead 
erely supporting it, what hss been regarded as pa- 
tical in the process may likewise be explained almost 
e Mme words which have been used in explaining 
gadiines in our trentise on Mechanics. If the 
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piston P be made to descend one inch, a quantit; of 
water whicli occupies one inch of the cylinder C will te 
expelled from it; and ae the vessel ABCU is filled ia 



Fig. 6. 
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erery part, and its eides cannot yield, the piston P' muit 
be fbrGed up until room be obtained for the water whidi 
has been expelled from C. But as the cylinder C" is 
ten tunes larger titan the cylinder C, the height throu^ 
which the piston P' must be moved to obtain this roatn 
will be ten times leas than that through which the pstoa 
P was caused to descend. Thus, while one pound on 
the piston P mas moved through one inch, a wei^t d 
1 the piston P' has been moved tlirou^ 
1 inch. By repeating this process ten 
move ten pounds on the piston P' throu^ 
s inch, by ten distinct efforts, each at 
Dves one pound through one inch. The force 
I, and the ellcct produced, is therefore the stone 
Bi if the weight of ten pounds, with which the piston P* 
was loaded, were divided into ten equal parts, and these 
parts severally raised by ten distinct efforts through the 
height of an inch. The force, therefore, expended to 
produce a given effect is the same as if no machine wu 

(7-) It is not the least surprising circumstance in (he 

luDici.p.ifiLiiao) 



ten pounds • 
the tenth of a 
times, we shal 
a height of o 
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, history of physical science, that this property of liquiila, 
though long known, and, indeed, tJie subject of curioiu 
observatioii, should have continued, until a comparativelj 
recent period, a barren fact. The engine known by the 
name of the htdbostatig or hydraulic press, and 
sometimes, front the name of the engineer who gave 
it its present form and brought it into general use, BtiA- 
vah's PRESS] is nothing more than a simple and direct 
practical application of the property which we have just 

A small cylinder, C,J!g.7,, is- furnished with a piston 
or plug. A, which moves water tight in it; at the bottom 
of this cylinder there is a valve, B, which opens upwards 
and comniunicates with a tube below, which descends 
int^i a vessel or reservoir of water. In the side of the 
cylinder C there is a narrow tube, D, inserted in the 
cylinder, and commucicating at E with another cylinder, 
C, of much greater dimensions. In this cylinder there 
is a la^e piston. A', the rod of which ia directed Bgainst 
whatever object the machine ia intended to sustain or 
move. We shall at present suppose it applied to an 
ordinary press : O H I K represents a strong iron trAiae, 
and F a square plate moveable in it and resting on the 
piston rod. As the piston rod is moved up, tiie plate 
F is forced up towards the top of the press H 1, so that 
any substance placed between the plate F and the top 
HI is suhmitted to pressure. In the tube DE there ia 
a valve, O, which opens towards the great cyUnder C; 
and in the same tube there is a stop-cock, P, by which a 
communicatioQ with the cistern below may be opened 
and closed at pleasure. 

The rod of the small piston A is connected at X with 
a lever, LM, which plays upon a fulcrum at M. The 
press is worked by raising and depressing alternately the 
lever at L, and die process is effected as we shall now 

Suppose the water, if there be any in the cyUnder C, 
is discharged into the reservoir by the cock P, which Is 
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then dosed ; the piston A' will then fall to the botton 
of the cylinder. Let us also suppose that the piston A 
is at the bottom of the cylinder C If the lever L be 
Hbw raised, the piston A will be elevated, and the Epaw 
below it in the cylinder, bdiig free from air, the atmi>- 
spheric pressure * will force (he water in the reserroir 
up through tlie valve B so as to fill the cylinder C: 
this water cannot teturn through the valve It, since thu 
valve opens upwarde, and the weight of the water above 
it only keeps it more firmly closed. Let the lever L be 
now depressed : the water below (he piston A will be 
forced through the valve O, and through the tube DE, 
into the great cyhnder C. Let this process be con- 
tinued until the space in the great cylinder below the 
piston is completely filled with water: when that it 
accomplished, the pressure of the piston A will be tniu- 
mitled to the piston A', multiplied in the proportion of 
the magnitude of the piston A' to that of the jasttni 
A (3.). Thus, if the magnitude of the piston A' be • 
thousand times that of A, a pressure of ten pDUDdu on 
the piston A will produce a pressure of ten thousand 
pounds on the piston A'. During the operation of lb ' 
machine, at the intervals of the ascent of the piston A, I 
its action un piston A' is suspended ;. and if the tube of 
comrnunication DE were open, the piston A' would joeM 
upon tiie valve B during every ascent of the piston A, and 
would resist the entrance of water into the small cylinder, 
and thus the operation of Che machine would be eb- 
atructed: but the valve O opening towards the great 
cylinder C prevents this, and performs, in some degie^ 
the ofScc of a ratchet whcel.t The water having once 
passed thin valve cannot return; and while the piston A 
is being raised, this valve sustains the pressure tnn»* 
mitted by tlic great piston A'. I'hus, the great piston, 
being once raised through any space, cannot recoil. 

When it is required to release the substance which is 
■nbmilted to the action of the press, it is only necessary 



16 

to open the screw valve-cock P. The water wiU be 
forced by the weight of the great piston A' through di« 
tube E, and, passdng through ihe tube of communicatiim 
to wliich it is admitted b; the open stop-cock P, it will 
be discharged into the cistern from which it was origin- 
ally raised by the pump A B. 

The mechanical efficacy of the lever L M adds to the 
power of this machine. We have seen that a force of 
ten pounds acting on the small piston wiU produce i 
force of 10,000 pounds on the great one ; but if the 
greater arm L M of the lever be ten limea the length of 
the shorter arm M X, then a force of one pound at L 
will produce a pressure of ten pounds at X *, and there- 
fore also at the base of the piston. Under these circum- 
itances, therefore, it appears, that a moving power of one 
pound will produce at the working point an eS'ect equal 
to 10,000 pounds. With such a machine the handof a 
child, appUed at L, would break a bar capable of sustain- 
ing many tons. 

It is evident that the power of tliia machine dependi 
partly on the proportion of tlie magnitudes of the 
two pistons, and partly on the leverage of the anu 
L M. By varying these proportions in the constcuctiwi 
of the press, it may be adapted to any required purpose, 
and may receive any degree of power. The arrat^ge- 
ment of the parts may also be varied, but the principle 
of action is always the same. 

The great advantage which this press possesses over 
those which are worked by a. screw is obvious. Between 
solids and fluids there is Uttle or no friction ; and, accard* 
ingly, in the hydrostatic press no force is lost by frtctioD, 
except what is necessary 1^ overcome the friction of the 
pietons in the cylinders. On the contrary, of all nifr- 
chines the screw ia that whose action is most impeded bj 
friction, and in every screw-press the moving power it 
robbed of a large portion of its efficacy by this came. 
• Sm MkIiiuiLo, p, :S7. (SK.) 





(8.) The apparatus commonly called the hj/dTOitaiU 
lielhag ia anotlier form under which, the hydrostatii 
piTadox is frequently presented. Two flat boards, B C ' 
Mid D E, J^. 7-, are united by leather or flexible cloth A. 
A ihort tube communicatei with the interior of the bel- 
lavs, and tenninstes in a stop-cuck, by which the liquid 
with which the bellows are occasionally filled may be 
discharged. From this short tube a long tube T rises 
perpendicularly, and terminates in a funnel F. The 
upper board B C is bailed with weights W, which 
press it against the lower hoard D E ; tlie cloth which 
unites them being collected in folds between them. If 
water be now poured into the funnel F, it will descend 
through the tube, and enter between tlie boards. By 
continuing to supply water to the funnel, a column will 
be maintained in the tube, which by its weight will press 
upon the water contained between the boatds, ai\i\ w^ 
thereby aisuln the weights W. As the 8app\j » cffli- 



tinued, these weiglits will be gradually raised as far 
the magnitude of the leather which uaitea the bow 
will permit. 

Fig- -7. 




In tliie case the weight of the column of -n 
tube T pcrfarma the part of the smaller piston in 
hydrostatic press, while the upper board, loaded widi 
weights, sustains the effect on the greater piston. If 
section of the tube T have the magnitude of one sqi 
inch, and (he upper board B C have a surface of 1 
square inches, then a column of water in T weigl 
one pound will sustain a weight on the board amouD 
to 1000 pounds. This may be explained in the b 
manner, and nearly in the same words, as were i 
respecting the actioa of the hydrostatic press. U 
funnel be removed and six men stand on the board ] 
ojie of them, blowmg into the tube T with his mo 
may produce a sufficient pressure on the coltmu 
water, to raise the board and iulo&d. 




it may contain an ounce of water, that part of 
tbe water in the vessel wUch Is immediately under the 
mouth of the tube will receive a pressure of one ounce 
frotn the Incumbent column. The magnitude of the 
mouth of the tube being the hiutdredth of a square 
inch, it follows, from what has been already proved, that 
every hundredth part of a square Inch in the surfuce of 
the vessel will sustain a pressure of one ounce, and there- 
fore every square inch will Bustain a pressure of 100 
oimces. A square foot contains 14* square inches, and 
therefore every square foot wUl sustain a pressure of 
14,400 ounces, or ^00 pounds. Hence if the base of 
the vessel measure nine square feet, and its sides thirty- 
nx square feet, and its top nine square feet, we sliall 
have a total surface of 5i square feet, each B[[UBre 
foot bearing a pressiu'e of fjOO potmds, and the whole 
surface guataining a pressure, tending to burst the vessel, 
amounting to more than twenty-one tons, and this enor- 
mous force is produced by ihe mechanical modification 
which the weight of one ounce of water undergoes. 

(10.) The property of liquids, which has been under 
consideration, points them out as an easy, simple, and 
effectual means of transmitting force to any distance, 
and under circumstances in which other mechanical con- 
trivances would be totally inappUcable, It is onlj 
necessary to carry a tube filled with a liquid ftoi» 'Ctv« 
point where ihe force originates, to the ^loiTil to -w^iai^ 
itb tobe tranemstted ; and as the Bha^e m ■^ijsi'iaa tS. 
S 
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connecting tube or pipe does not affect the pnipecl^ ' 
of tJie fluid which it contuns, there ia acarcelj any con- I 
eeivable impediment which can prevent the transmisrioD I 
of the force from the one point to the other. A premin I 
excited on the liquid at one end of the tube, will be 
communicated to any surface in contact with the liquid 
at the other end, whether the tube between the two ex- , 
tremities be atraightj curved, or angular, or whether it 
pBBs upwards, downwards, or in an oblique or horiwDlal 
direction- It may be carried through (he walls of a 
building, through the courae of a river, under, over, or 
around any obstruction or impediment, or, in fact, ac- 
cording to any courae or direction whatsoever. If « 
tube filled with water extended from London to York, 
a presaure excited on the liquid at the extremity in 
London, would be instantaneously transmitted to the 
extremity at York. It has been suggested, that such 
means might be uaed for telegraphic communications in 
lituations where the frequency or importance would 
justify the expense of laying down pipes or tubes. An 
ingenious person in this country has tried the experi- 
ment with this view, and has laid down Ecveral miles of 
pipe for the purpose. Such a method of comniunica- 
tion would have the advantage of being independent of 
those accidental interruptions to which lights, signsla, 
and other similar contrivances are exposed. 

(11.) The power of hquids to transmit pressure haa 
been proposed to be apitlied to surgical purposes br 
Dr. Amott. It woidd indeed seem to be pccidiarly ap- 
pUcable in cases where it is necessary to produce a prea- 
Bure on lome interna! part, which cannot be approached 
CKCept by a tube or channel, through which an instru- 
ment cannot be safely or conveniently inserted. Dr. 
.Amott considers that a liquid might be conveyed lhroD|^ 
■ flexible tube, so shaped, that when filled by the liquid 
the proper degree of pressure will be excited on thoac 
parts which require it. An account of these instru- 
ments may be seen in Dr. Arnotl's work on Physics. 

(13.) The animal econoin^' ftew:i\\% \vixi^^tkeit&j& 
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examples of the power of fluids in transmitting pres 
The boneB and harder parts of the body furnish a beau- 
liftil example of a structure, in vrliicU every leading 
principle of mechanica, coinnionly bo called, is jllua- 
bated. The fluids, in like manner, exhibit equally apt 
iUiutrations of the principles of liyilrastatics. 'fhe heart, 
the fountain from which the blood is supplied to all parts 
of the system, is an instmment possessing great power of 
expansion and contraction : by exciting a pressure upon 
the blood. It impels that fluid into the arteries, pressing 
forward what has already filled them through proper 
channels of communication into the veins. These va- 
rious pipes and conduits are formed of an clastic mate- 
rial, capable of continuing the pressure commenced at 
the heart, and thus urging forward the stream of liquid, 
until its circulation is completed. 

Ab in ihe pipe DE,/ff. 6, of the hydrostatic press, 
valves are provided in proper places in the various tubes 
through which tlie circulation is carried on. These 
valves are so contrived, that the blood is admitted to pass 
freely in obedience to the impulse it receives from the 
muscular pressure ; but when that pressure is intermitted 
the fluid cannot return, and t!ie resistance of the closed 
valve BoppUea the place of the moving power whose 
action is suspended. 

The muscular power of the heart to excite a pressure 
on the blooil is placed in a very striking point of view, 
by an experiment recorded in a work by Dr. Males, 
called Statical Essays. A perpendicular tube is made to 
communicate with the blood of one of the arteries of an 
animal. The blood being no longer confined, rushes 
into the tube and ascends to a height above the level of 
the heart, which is proportionate to the pressure which 
it receives. Thin height necessarily varies in diflerent 
animals ; in the larger and more powerful species, it ia 
much greater than in the smaller ones. In the case of 
a horse, the column will ascend to about ten feet above 
the heart. Tlw pressure to which it is Bu\)je«, to 'iXic 
Vfdua i* inuch lets than in the arteries. Di, Wties So«n&.., 
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that in the humim body^ the pressure of die arterial 
blood was capable of sustaining a column eight feet in 
height^ and amounted to four pounds on die square inch; 
while the pressure of the venous blood did not exceed a 
quarter of a pound on the inch^ and only sustained a 
column six inches in height. 



(13.) In the mveatigMion contained in the last Chapler, 
die eflbctH of the weight of the liquid itself were left out 
of coQBideration, and it was merely regarded as a ma< 
chine bj which other forces might be transmitted and 
modified. In the same manner, however, and upon the 
same principles, as it tranamitG and modifies other forces, 

conveys the effect of its own weight through the di- 
enaioDs which it occupies in the vessel which contains 
This weight excites a certain pressure on every part 
of the surface of the containing vessel with which it is 
ilact. The total amount of this preesurc, as well 
as the portion of it which each part of the Burfuce cus- 
taina, is to be inferred from a consideration of the weight. 
of the liquid, its power of transmitting pressure, and the 
peculiar figure or shape of the vessel. It may, however, 
here be observed, generally, that the effect is totally dif- 
ferent from that which would be produced by a solid. 

(14.) There Is one general principle by which the 
pressure of a liquid on the surface of tUe vnsaeV ^Ntesii, 
contains it may always be ascertained. Eac\i ^att^ «A 
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die BDiface of the veasel, in contact with the liquid, 
tiina a pressure equal to the weight of a column of 
liquid, whose height is equivalent to the depth of 
part of the surface of the vessel in question below 
surface of the liquid contained in the vessel. The truth 
of this general principle will be apparent, by considering 
it, first, in the more Gimple and obvious cases, vti 
tracing it thence to tlie more complex and difficult ones. 
Fig. 9. Let ABC,^. 9- be ft long square pipe in 

I a perpendicular position, each of whose ndea 
is an inch broad. The base BC, therefore, it 
a equare, each of whose sides is an inch. Sup- 
pose this base to be closed by a flat bottom, and 
let water be poured into the pipe until it at- 
tain an elevation BC one inch above llle 
J, bottom of the pipe. The liquid will now be 
in contact with a square inch of surface on 
, each of the four udes, besides the square indi 
^ of surface which forms the bottom. Let a flit 
g plate, cut into the shape of a square inch ea 
as to fit the tube, be now conceived to be in- 
troduceil into it, and placed immediate); on the surface 
of the water, and in contact with it. If any weight, 
as 10 pounds, be placed upon tlijs plate, the liquid 
below will transmit a pressure of ten pounds to every 
square inch of the pipe with which the water is in con- 
tact, and therefore the bottom, and each of the four 
sides, will severally sustain a pressure of ten pounds. 
This is obvioua from what has been so fully explained 
in the last Chapter. 

If the plate and the weight with which it is supposed 
to be pressed be removed, and ten pounds of water be 
poured into the pipe, the water below the level B'C' wiB 
suffer exactly the same mechatiical pressure as was 
before exerted by the plate loaded with the weight, and 
this pressure will be transmitted in the same way to the 
surface of the tube, by the water below B'C. It thus 
appears that a perpendicular column of water, weighing 
ten pounds, standing above the level B'C , will press. 



not only on the bottom of tlie vessel, but on the sides 
iimneillately below D'C with a force amounting to ten 

What has been proved of (he column of fluid, aboTe 
the level B'C, will be equally true of any other part of 
the cohunn of fluid contained in the tube. Thus the 
column of fluid above the level B"C" will communicate 
a pressure to every square inch of the Eurface of the ves- 
sel below that level, amounting to its own weight. 

To render the explanation more clear and simple, the 
section of the pipe has been here supposed to be square, 
and its magnitude to be one inch ; but a little attention 
and consideration vfill show, that the same reasoning, with 
slight changes, will be applicable, whatever be the mag- 
nitude of the vessel, and whatever be the shape of its 
base. If any part of the column is supposed to be re- 
moved, anil a flat pUte fitting the vessel, and loaded 
with a weight equal to that of the water removed be in- 
Ifodaced, the force of this weight will be transmitted by 
the water below, with undiminished enei^ to every part 
of the surface of the vessel with which it is in contact. 
Each portion of the surface of the vessel, which is equal 
in magnitude to the surface of die plate, will sustain a 
pressure equal to the force with which the plate presses 
on die water. When the piste is removed and replaced 
by an equivalent weight of watf r, the same etTect will be 
continued. 

(15.) It tlierefore appears generally, that in every 
vessel whose sides are perpendicular, and whose bottom 
is horizontal, whatever l>e its shape in other respects, 
(he pressure on the bottom will be equal lo the whole 
wdght of the fluid which it contains, while the pressure 
on each square inch of the perpendicular sides, will be 
equal to the weight of a column of the liquid, whose baso 
ia a Bnuiire inch, and whose height is equal to the depth 
of the part of the surface of the vessel in question below' 
the upper surface of the liquid in the vessel. 

(16.) It appears from what has been stated, thai xuA 
imfy the surface of the vessel which ■ ■■■ - • 
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likewise every port of the liquid itsdf, suBUini > 
pressure from the neiglit of the liquid above it, and 
this pressure is regulated by the same law. If any por- 
tion of Che liquid be selected at any given depth below 
the surface, that portion is pressed equally in every pos- 
wble direction by the uurrounding fluid, and the amount 
of the pressure which it thus sustains is the weight of 
the column of fluid perpendicularly above it. This may 
be easily deduced from considering the property of liquiUi 
explained in the last Chapter. It is evident tJiat a part 
of the fluid, taken any where within ila dimensions, sus* 
tains a downward pressure from the we^ht of the in- 
cumbent column ; but it transmits this pressure, by the 
property just alluded to, in every direction around it ; 
downwards, laterally, obliquely, &c. Now it is cleat 
that it must encounter an equal pressure in all these di- 
rections ; for if it did not, it would move away in that 
direction in which its force was unresisted ; but as no 
such motion takes place, and as the particles of the fluid 
remain at rest, it follows that they are mvnCained in 
these places, by forces pressing them equaUy on every 
side and from every possible direction, each of which 
is equal to the weight of the perpendicular column of 
fluid above the particle so pressed. 

^-10. (17.) This property may easily be reduced 10 
experimental proof. Let AB,^. 10, be astroi^ 
metal cyUnder, having a metal bottom at B but 
open at A: in this let a spiral spring be in- 
serted, bearing a circular plate C, which inovea 
water-tight within the cylinder, so that a force 
applied to the plate C will overcome the elasticity 
of the spring, and cause tlie plate U> move into 
tlie cylinder towards B. The farther the plate 
advances within the cyUnder, the more powerfiil, 
the elastic force of the spring will become, and 
the greater will be the force necessary to prevent 
its recoil. The amount of force necessary to 
press the plaie to any proposed depth in the 
c^^linder, msjr be determined by ex^eniaeati, as.<X \V 
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is nut (liffii^ult to provide a means of regixtering the I 
depth within the cylinder, to which the plale may hsTtt I 
been forced on any occasion] when the presence of an 
obEetrer is rendered impoBsible. If such an inatniment 
be plunged in a liquid to any depth, the pressure exerted 
by the fluid will force in the moveable plate ; and upon 
observing the instrument when drawn out, the amonnt of 
the pressure will be known from the apace through which 
the plaie was forced into the cylinder. If the instru- 
ment be Buccessively immersed to depths of 1, 2, and 
3 ynrds, it will be found that the pressures which hftre 
acted on the spring, are in the proportions of the uunt" 
hers 1, 3, 3, and are equal to the weights of columns of 
the liquid whose heights are respectively equal to the 
depths of immersion, and whose bases are equal to iha 
moveable plate. The fact tfant tlie pressure is propor- 
tional to the depth, and equal to tlie weight of the in- 
cumbent column, ia thus conclusively established. 

That this pressure is exerted equally in every possiblB 
direction, may be shown by giving the instrument, at 
the same depth successively, different positions. If it 
be first immersed with the end A presented npwards, 
and the distance observed through which the plate ia 
forced in, and then successively immersed to the same 
depth with the end A presented downwards, sidewayir 
and in any other direction, it will always be observed 
that the distance through which the pUte is forced bjr 
the pressure of the liquid will be the same, indicating 
thereby, thai the pressures in all those directions are 

(18.) This important law may be eslaWished experi- 
mentally by a more easy and scarcely less <Iirect method. 
Let four glass lubes T, Jig. 11., be provided, open tt 
both ends, and la one end of the first be straight; of 
the second, turned upwards; of the third, turned sideways; 
and of the fourth, turneil in an oblique direction. At 
these ends let stop-cocks be placed, which may be opened 
and closed at pleasure. These cocks being closed, let all 
&!e tabes be immersed to the same depth in a vessel of 
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inter. The water will then press against each of the 
CDcka with a certain force, the amount of which it is re- 
quired tc ascertain. We shall Guppase the bores of tbe 
tubes to be equal, allhouf;h that circuinatancc, as will 
hereafter appear, cannot affect tbe result of tlie exprai- 
ment. Let ub suppose the diameter of the bores of eactl 
of the tubes to be half an inch. 

The water, at the depth to which the tubes are im- 
mersed, is in thtH case acting against a circular surTace, 
of the diameter of half an inch at each stop-cuck. If 
the several stop-cocks be now opened, the pressure will 
cause the water to rush into the tubes, in the first up- 
wards, in the second downwards, in the third Eideways, 
and in the fourth ohllijuel;. It will continue to flow 
into each until the weight of the column, nhjch has 
risen in the tube, is sufficiently great to resist the pressure 
at its extremity. When that takes place, ami not until 
then, the water wiU cease to flow into the tube. It will 
be observed, that in each tube the water will rise until it 
has attained the level of the water in the vessel, atid it 
will then cease to flow. It follows, therefore, that the 
pressure of the fluid at the extremity of the tubes is 
equal to the weight of a column of the fluid, which ex- 
tends perpendicularly from their exireniitiefl to the sur- 
face i and since the water will always rise to the level of 
the fluid in the vessel, whatever direction may be given 
to the. lower extremity by bending the tube near that 
point, it follows, that at the same depth the pressure in 
every possible direction is the same. 

In this mode of illuelralion U will easft^ >» ^raceiNea., 
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that Che column of water which is sustuned in the tube 
performs the part of the Btap-cock, with reepect to the 
water which presses in at the orifice below, and that the 
weight of this column exactly balances this pressure. 

There will be no <]iRicuity in seeing how this experi- 
ment may be generalised. The tubes may be of any 
magnitudes, whether equal or unequal, and sliU the water 
will rise in them to the level of the waler in the vessel ; 
and the same will happen whatever be the liquid used. 
The pressure exerted at any depth below the surface is 
always equal to the weight of a column of the liquid 
whose height is equal U> the depth, and whose hase is 
equal to the surface, over which the pressure is extended. 
The quantity of liquid whose weight expre«ses this 
pressure, may always be determined arithmetically, by 
multiplying the number of inches in depth below the 
surface of tlie liquid, by the number of square inches in 
the surface on which the pressure is exerted. The pro- 
duct of these numbers will be the number of solid inches 
of the liquid, whose weight is equal to the pressure. It 
must, however, be understood, that in this mode of cal- 
culation, the surface pressed is supiiosed to be horizontal, 
or if it be oblique, its dimensions must be very small, 
compared with the depth. 

I'he fallowing experiment furnishes another illustra- 
tioD of the property by which the pressure of a liquid 
increases widi die depth:— Let a bladJcr be attached to 
the extremity of a glass tube, and let it be filled with 
mercury to a small height above the point where it is 
attached. Let equal small divisions be marked upon the 
tube, banning from the surface of the mercury. If 
the bladder thus filled be immersed in a vessel of water, 
the pressure of the surrounding liquid will cause the 
mercury to ascend in the tube. Let it be immersed to 
such a depth that the mercury will rise through one 
division of the tube, and let the depth of immersion be 
observed ; let the tube be then immersed to twice that 
depth, and the mercury will be observed to rise ifetwi^ 
another division. Being immersed to l\wee iHoea 'fiw 
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HlBt depth, will sustain a pressure of two pounds. The 

' point 3 will sustain a pressure of three poundg, tmd k 
on, the lowest point sustaining a pressure of ten pooniiL 
Since, therefore, the intensity of the pressure from A lo 
B increaseB uniformly, the point which sustains ibc 
average pressure will he found at the middle of the deptll 
A B. This point is that which is marked 5. If M 
suppose the whole surface A B to sustain the lame pi»- 
sure as that which the point 5 suffers, the total preanae 
will be the same as at present. A very slight constdA- 
«tion of the efFects will make this evident. At present 
the point 6 sustains a pressure of six pounds, and the 
point 4 sustains a pressure of four pounds, making % 
total of ten pounds. If these two points each sustained 
& pressure of five pounds, which is the average pressure, 
the total pressure would still be the same, ten pounds. 
In like manner, the point 7 at present sustains a pressure 
of seven pounds, and the point 3 a pressure of three 
pounds, which together make ten pounds. If each of 
these points Eustaincd a pressure of live pounds, the sum 
would be the same. It is evident that the same reasoning 
will apply to all points equally distant above and bebw 
the middle point 5. The pressure on each point below 
it exceeds the pressure at 5 by exactly as much as the 
pressure on a point equally distant above it falls short 
of the pressure at 5. Thus the excess and defect mu< 
tually compensate each other, and a general average is 



From what has been now stated, it appears that the 
total pressure on the perpendicular side of a vessel filled 
with a hquid, is the same as if that side were converted 



JDlo an horizoulal bottom, aud Iialf ihe depth of JiquiJ 

It also appears that the presaure on tlie perpendicular 
side is entirely independent of the quantity of liquid 
which the vessel conlninK. The perpendicular aides of a. 
trough, n'hen filled wiUi a liquid, will sustain the Eame 
pressure whether the trough be wiiie or narrow. If the 
aides be separated bj an interval of only a quarter of an 
inch, and the trough contains only a quart of water, (he 
pressure on the sides will be tlie same as if the aides were 
separated many yards, and the trough contained several 
barrels of wat^r. 

(23.) If the aides of the vessel he perpendicular, and 
the bottom be horizontal and flat, the preaaure on the 
sides may be estimated in the same manner as above, 
whatever be the ahape of the bottom. The point of 
average pressure is in this case always at half the entire 
d^lh below the surface of the hquid ; and the total 
pressure is the same as if this average pressure were 
tmiformly difTuaed over the entire surface of the sides 
in contact with the liquid. Thus, if the vessel be cy- 
Uodrical, and the circumference of ita base be ten feet, 
the depth of the fluid in the vessel being eight feet, the 
total surface of the aides in contact with the fluiil is 
eighty square feet. The medium presaure is that which 
is sustained by a point at the depth of four feet, and 
therefore is equal to the weight of four feet of the liquid. 
Of the eighty square feet, forty are subjec* to a less 
pressure than thia medium, and the other forty are sub- 
ject la a greater pressure: these two eflfects compensating 
each other, the total pressure is the eame as if the 
medivim pressure were diffuaed over the whole eighty 
feet. The whole lateral pressure is, therefore, the same 
aa would be produced upon the bottom of a vessel of 
righty aquare feet in magnitude, with perpendicular 
ades, and containing the liquid to the depth of four feet. 
This pressure would, in fact, be the whole weight of 
the fluid in the vessel, tlie quantity of which would be 
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found in solid feet by multiplying the bottom by &e 
depth ; thRt is, eighty by four ; that is, 320 solid fecL 

{«4..) The rule deduced from this exHmple, for eJ- 
mlattng ihe lateral pressure, is generally applicable lo 
•11 cases where the vessel containing the liquid bu i 
flat horizontal bottom and perpendicular sides. Fhkd 
the number of square feet in the aides belon the mrfius 
of the liquid contained in the vessel; multiply thit b; 
the number of feet in half the depth of the liquid: die 
prodact will express the number of solid feet of lh> 
liquid, the weight of which is equal to the lateral pm- K 
Bure. The number of square feet in the aides iil»y 
always be found, by multiplying the number of feet in 
the circumference of the bottom by the number of feci 
in the depth of the liquid. 

From this rule some curious coneequenceg ftdtair. 
The pressure against tlie aides produced by the liquid 
may exceed in any proportion, however great, the wbolt 
weight of the fluid which causes this pressure. If An 
lateral surface in contact with the Suid be double Hit 
magnitude of the bottom of the vessel, then (lie laterd 
pressure will be equal lo the pressure on the bottom, 
and therefore equal to llie whole weight of the fluid; 
for, in this case, the lateral pressure will be equal to the 
weight of the fluid wliicll would fill a TCssel with per- 
pendicular sides, having a bottom of double the raie, 
but filled only to half the depth. The quantity ol 
liquid whose weight expresses the pressure would, 
therefore be the same. But if the lateral surface, in 
mmtact with it be more than twice the magnitude of 
the bottom, then the total preBSuro on the sides will be 
more than ilie whole weight of the liquid contained in 
the vessel, in the proportion of the lateral surface in 
oontact with the liquid lo twice the magnitude of tlie 
bottom of the vessel. Thus, if the lateral surface in 

tact with the liquid be ten times as great as twice 
bottom of the veaeel, then the lateral pressure will 

ten times tlie weight of the liquid contained in the 
vessel ; and so on for other proportions. 



Hence it appears] that in tall narrow vessels the lateral 
pressure Terj far exceeds the downward pressure, which 
is equal to the weight. Toll casks or cisterns, and tubes 
whic^h are carried in a vertical directiou, require^ there- 
fore, to have a lateral strength very far exceeiUng that 
which would be necessary merely to support the liquid 
which they contained. 

(25.) The increase of presEUre proportion ably with the 
depth suggests the expediency of observing a corre- 
spouding variation in the strength of the several parts of 
embankments, dams, flood-gates, and other resistances 
opposed to the course of water. The pressure near the 
surface is incansiderahle, and therefore a small degree of 
strength is sufficient in the resisting surface ; but as the 
depth increases, the pressure increases in tlie same ratio. 
If, therefore, as in the case of dams and enibanliments, 
the strenglli depends upon the thickness, the latter must 
increase from the top to the bottom ; so that while tlie 
interior surface presented to tlie liquid is perpcndiciUar, 
the exterior surface must gradually slope, giving in- 
creased thickness to the dam towards tile bottom, bo that 
the section sball have such a form as that represented in 
Jig- 13. 



(26.) If the side of tlie vessel be Rtraiglii, but not 
perpendicular, the pressure upon it will be determined 
by the SBine principles, and nearly in the same manner. 
The pressure will still be proportional to the depth, and 
the point of medium pressure will be a point on the 
side, at half the entire depth of the fluid. If, as before, 
the side be divided into ten equal parts, the same rel- 
Boning will be applicable ; for, although the depths of 
the several points of division are no longer measured 
along the side of the vessel, yet they are proportioned to 
the distances of the several points of division from that 
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point on tlie side of the vesEcI which marks the sattmt 
of llie liquid. Hence, in this case, as well as in tbi 
former, the medium pressure is that which a^cts iht 
middle part of the depth marked 5. infg. li.; indlbc 
Fig. H. 



I 



whole lateral pressure wiH be obtiuned by multiplying 
the number of square feet on the sides of the vessd by 
the number of feet in half the depth of the liquid : llie 
product will express the number of solid feet of die 
liquid whose weight is equal to the total pressure. 

In this manner, the pressure on inclined erahanfcmenti, 
or the eloping ddes of vessels containing liquids, tnaj Ik 
ascertained. 

In^. 14. the sides of theveEsel containing the liquid 
are represented as slopitig outwards, or diverging up- 
wards from the bottom ; and it is not difScult to con- 
ceive, that each point of the side will sustain a pretintt 
equivalent to the weight of the column of hquid perpen- 
dicularly above it : but the same consequence wonlil 
ensue if the sides inclined inwards or converged upwadi 
&om tlie bottom, as in^^jf. 15. In this case also, ^ 




though each point of the lateral surface have not ■nf 
column of the liquid perpendicularly over it, still tl ti 
pressed by the hquid in a direction perpendicular to the 
ride, with the same force as if such a column were pM> 
. pendioilarly over it. The cause of this may be ooo- 
t ueived by ttie following reasoning. Let P be a paitidc 
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of the liquid, at the same depth below the surface as the 
division marked 5, on the side of the vessel ; this particle 
ia evidently pressed downwards by the weight of the 
incumbent column PA. But, by what has been already 
proved, it mast be pressed by the same force in every 
possible direction ; and, therefore, it is pressed with this 
force from P in the direction of the division 5. on the 
side : this pressure is therefore transmitted to the parlide 
contiguouH to the division 5. This point, therefore, 
reEbls that pressure; and the same reasoning will apply 
to every other point in the side of the vessel. 

From what has been just stated, it follows, thftC if the 
aides of the vessel, jf^. 14. andfig.lS., be equally inclined, 
but in contrary directions to their bottoms, that the ves- 
sels be filled to equal depths, and that the magnitude of 
the lateral surfaces in contact with the water be equal, 
the whole pressure sustained by the sides of the vessel 
will be the same, although the quantities of water which 
they respectively contain be very different. 

(27-) The pressure on tlie bottom of the vessel, in all 
these cases, depends only on the magnitude of the bot- 
tom and the depth of tlie liquid ; and is altogether inde- 
pendent of the shape of the Kides, and of the whole 
quantity of liquid in the vessel. Thus, in three vessels, 
shaped as those represented in fig. 12,, fig, li,, and 
Jig. 15., if the bottoms have the same ma^itude, and 
the liquids contained in them the same depth, the pres- 
sure on the bottoms will be the same ; viz. the weight 
of the Uquid which would be contained in a vessel 
having an equal bottom and perpendicular sides. This 
will be evident, if it be considered that each point of the 
bottom is under the pressure of the column of liquid 
immediately above it, in the case of fig. 12. laidfig.li,; 
and the same reasoning may be extended lo fig. 15., as 
already explained (26.), 

We may hence infer generally, that the pressure upon 
u flat horizontal bottom is found by multiplying tlie 
number of square feet in the bottom by the number of 
feet in the depth of the Uquid ; the product will ex- 



presi the nnmber of suliii feev of die liquid wbose *aEhl 
ia equal to the pressure aa the botuua. In a tokI of 
the shape reprcsenied m Jig. 1-k. the pieMuj c «i dw 
boRom is less cfaan the whole woisbc ef Ac Bqmd. In 
> vessel sach aa lilac represenieii in fig. 15. icisgialo 
liMD (he ire^i of the liquid ; and in sach ■ one u i> 
ttfi—aued in fig. IS. il ia equal to the weighl of die 

These reaolLs may be >erified experimentaQ*, br m- 
tiding three lenela of the shapes already pieiitioiKd, 
having mmtsUe bociom^, irhich, when ^pUed lo (ban, 
will be witer-ti^t, the bouomB being equal. Let the bot- 
tom be pressed igzimc each Tesael with equal forces, whilb 
inaj be done by a lem', one arm of whidi is pmatd 
npwards against the bottom, by a wei^t so^eided <n 
ibe oibei am. Let water be now poured into each eC 
the TesoeU, until by its pressure the bottooi is detached. 
It will be obeeTTed (hat the depth of water ia each of ibe 
three vessels necessary to accomplish this is the same- 
There IE another method of ilhistiating these tbeoiems 
expeiimen tally, which is attended with less pracliod 
dlfliculljr than that jdeI mendoned. Let the moveable 
bottom be pressed Bgunst each vessel by a string attached 
to it, and carried up through the vessel ; and then let the 
vessel be plunged in a cisteni of water, as represented in 
^g. i6., until it BLtain such a depth that the upward 
pressure of the water under the bottom will be sufficient 
to keep the Imltom firmly attached to die vessel. Let 
the string be (hen disengaged, and let water be poured 
inio the vessel until its pressure detaches the bottMn ; 
and let the riepth of water be observed which is suffi- 
eient to eS^t this. Let euch of the three vessels be 
ilDlneriwil in the cistern in a nimilar way, and to the 
Mine ileplli, u reprMcnted In figi. \6, 17, an<) 18. It 
will be fwuml thai the depth of water necessary to be 

rireil Itilu lli« vttmri in order to detach the bottom will 
[111! Biimr. 

1'lw fbllowHip e^pprlmcnt i> a very atriking iltnaln. 
tinn Bf file •»«"• |irtni'lpler — 

A cfliUtbiinl vi4U>l A I), Jiff. 19; bu a glass tube 




inserted iii il"wBter-tight at a, and is providtil with a 
moveable botlom, which, however, fits it water-tight. 
This bottom is supported by a wire, which passinj; up 
the tnbe is attached to the arm of a balance, an ~ 




Icrpoiseil by a weight in the dish sUBpended from the 
«thec arm. Suppose the vessel A B now to be filled 
with water to the neck, a; and let the tube be divided 
into parts at 6, c, d, e, each of which shall be equal ta 
the depth of the vesad A B. Let a sufficient weight be 
put into the dish to maintain the Imttom of the vessel 
A B in its place. This weight will be found to be equal 
to the weight of tile water contained in the vessel A B. 



PVIins, it ftppears that this water presses down tlie bottem 
' wjth a force equal to its weight. Let water be now 
pourad into the tube imlil it rises to ihe level £ : it will 
be found that exactly as much more weight in ike didi 
D will be necessiry to maintain the bottom in in 

IjpUce, as was required to support it when the level wit 
at 0- Thus, the coluRiD a b produces as miich presinK 
on the bottom as the whole of the liquid in the Tcssel 
A 0. If (he tube be again filled to the level e, the prei- 
sure will receive another iucrease, equal to the weight of 
the liquid contained in A B ; and a similar addition must 
be made to the counterpoise, in order to maintain the 
bottom of the vessel in its place. In the same raanneT, 
each addition which is made to the column in the tube 
equal to the depth of the vessel A B will cause a similar 
increase in the pressure] and will be indicated by the 
necessity of giving a coiTesponding increase to the coun- 
terpoise. 

In this case the box A B and Ihe lube must be fixed 



tendency to press the vessel A B upwards, amounting Id 
the escess of the whole weight in the dish above the 
weight of tlie bottom of the vessel, together with the 
weight of tlie water in tlie vessel and tube. In fact, al 
that part of the weight tn the dish which is not spent in 



euppnrtiag the bottom and the water above h, is eupctukd 
ia producing a pressure against the top of the vessel A B, 
which that vesEet most be bo firmly fixed as tu resist. 

(28.) We have hitherto supposed the sides of (he 
re^el to be straight and regular; but, even though they 
be ool, the pressure on the bottom is determined by the 
Biinie rules. In the consequences of this principle, the l 
hydrostatic parados reappears under some curious forms. 
Fig. 20, 
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Let A BC D, fg. 20., be a square close vessel, ■ 
B Email hole, O, in the top, in which a narrow tube, T O, 
is screwed water-tight. Let the vessel A B C D, and the 
tube to the level T, be filled with water. According to 
the principle which has been just ustablislied, the pres- 
sure on the bottom, C D, will beproportional to tliedeplh, 
T M ; or, in fact, will be equal to tlie weight of water. 
which would fill a yessel of tlie magnitude E D C F, 
This will be tlie case, however shallow the vessel, 
A B C D, and however narrow the tube, T O, may be ; 
and hence an indefinitely small quantity of water miy 
be made to produce a pressure on the bottom of the 
vessel which contains it, equal to the weight of ioj, 
quantity of water, however great. 

As the pressure depends only on the depth, and is in- 
dependent of the shape of llie vessel, it is not neceau 
thai the tube,T O, should be straiglit, but it may be b 
or deflected into any irregular form whalBoevM, 'V 
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frbateTer be Its shape, the depth of die fluid is to Ix 
estimaCeil by the |ierpendiciilar UisUnce of the upper 
Burface from the bottom of the vessel. 

(^9') In t^c examples already given, the sides and 
bottoniB of the vessels considered have been flat surfacet, 
or have been in the perpendicular or horizontal podtiaa. 
The surfiiceHj however, of veaaels or reservoirs are fliit* 
ject to every variety and shape; mid it is necessary in 
practjcal science to possess rules applicable generally to 
all surfaces which contain Uqnids. Wliat has been 
already stated with respect to the average pressure, is the 
principle which, generalised, mnst lead to such a rule. 
The various parts of any surface, whatever be its form, 
will be subject to pressures, depending on their depths 
below the surface of the liquid, all points at the same 
depths suffering the same pressure. There is a certain 
pressure, or mean of all the various pressures, to which 
the poinla of the surface are subject ; and whatever this 
pressure be, it must be such, that, if diffused over the 
whole surface, the total amount of the pressure on that 
mrface will not be altered. If, therefore, this medium 
pressure can be found, and the magnitude of the surface 
in contact with the liquid be known, the total pressnre 
may immediately be obtained. Suppose, for example, 
(he average pressure be 15 pounds upon every square 
inch, and that the magnitude of llie surface in contact 
i|rith the hquid be 100 square inches, then the total 
pressure will be 1500 pounds. 

The determination of the total pressure, therefore, 
depends on tliaC of tlie average pressure. Now, as the 
pressure at each point is proportional to the depth of 
that point below the surface, it may he considered as 
represented by that depth. Thus, if a pressure of one 
pound be produced upon a square inch at the depth of 
one foot, a pressure of two pounds will be produced upon 
» square indi at the depth of two feet, three pounds at 
the d^th of three feel, and so on ; the number of feet in 
iite depth always expressing the number of pounds in 
l]ie presiure. Hence, It is obvious that the average 
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pressure will be produced gc (lie average deptli ; and, 
iherefore, the question is reduced to ihe determination of 
ihe point whose depth below the surface ii an avernge 
of the depllis of all the points of the surface 
witlk the liquid. By a singular thou^ 
able coincidence, the point which would be the centre 
of gravity of a thin sheet lying in dose conlact with cho 
nirface of the vessel, covered by the fluid, is placed at 
that depth below the surface which corresponds to the 
medium pressure. This arises from a property of the 
centre of gravity well known to geometeis, and from 
which that point has been sometimes called the centre of 
mean distances. The centre of gravity of any Euriace 
is always placed at a distance from any plane surface, 
which is an average or mean of all tlie distances of the 
various points of the proposed surface from the plane 
surface. 

(30.) To determine, therefore, the total pressure on 
any surface, let the position of the centre of gravity of 
fliat surface he determined by the rules established in 
mechanics, and let its depth below the surface of the 
liquid be ascertained ; then muliiply the number of feet 
in this depth, by the number of square feet in tlie sur- 
face of the vessel covered by the liquid : the product 
will express the number of solid feet of the liquid, 
.wliose weight is equal to the totjd pressure. 

Excepting the case of regular surfaces, the determin- 
ation of the centre of gravity is a problem which cannot 
be solved without the aid of mathematical formularies of 
condderable difficulty.* We shall, however, illustrate 
the theorem just explained by some examples, which we 
can render intelligible to the general reader. 

Let a hollow globe be filled with a liquid through a 
small hole in the top. The centre of gravity of the sur- 
face of the globe is evidently at its centre ; and therefore 
the depth of that point is half the diameter of the globe. 
The total pressure will, therefore, bi^ found by multiply- 
ing the ntuober of feet in half Ihe diameter of the g^obe 
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by the iium]>er of square feet in its sarface. By the 
priuciples uf geometry it ia proved, that the koUiI cdH' 
tents of a globe are determined by multiplying the 
number of feet in lialf the diameter by a third part gf 
tile number of square feel in the surface. Ilcnce it ap- 
pears that tJie pressure on the surface of the globe is 
three times the weight of its coutfiils. 

If a cubical vessel, — that is, one having a square botWni 
and four square sides, each equal to the bottom, — be filled 
vdth a fluid, the centre of gravity of each of the fooi 
perpendicular sides will be at half the entire depfli of 
the fluid below the surface. Therefore the pressure to 
each side will he found by multiplying the number of 
feet in half the depth by the number of square feet in 
the side. But the entire contents of the vessel are fmuid 
by multiplying the number of feet in the entire depth 
by the number of square feet in any side. Hence it 
appears that the pressure on each of the four sides ii 
equal to half the weight of the fluid contained in the 
vessel. T!ie pressure on all the four sides is, therefore, 
equal to tnice the weight of the fluid contained in the 
vessel. The pressure on the bottom has already bc^ 
shown to be equal to the whole weight of the fluid ; and 
therefore it follows, that the total pressure of the fluid 
on the surface of the vessel, including both the sides aad 
bottom, is equal to three times the weight of the fluid 
which it contains. 

Thus it appears, that a globe and a tube containing 
equal measures of liquid will sulfer equal pressures if 
flUed, each sustaining a pressure amounting to three 
Eimea the weight of the fluid it contains. 

(31.) If any body be immersed in a fluid, the pressure 
which its surface sustains from the surrounding Uquid, 
ia to be determined by the same rules, and according 
to thesamemethods,asareuaedfor determining the prea- 
BUre on the surfaee of the vessel which conluns the 
I'Jiquid. Thus, if a globe be plunged in a liquid, the 
l^al pressure on its surface is found by multiplying the 
turober of feet in the depth of its centre, below the sur- 
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fai^e of the liquidj by ihe number of square feet in its 
exterior surface. 

(32.) The two hydroetatica] tlieorems nbicb we have 
attempted to explain in this and the preceding chapter, — ■ 
viz. 1 . That liquids tranemit pressure equally in all direc- 
tions ; and, 2. That the pressure produced by the weight 
of a liquid is proportional to its depth, — will serve to 
elucidate many famihar and remarkable phenomcns. 

If an empty battle, or rather one containing only aJT, 
be tightly corked, and be sunk by weights attached to it, 
to a considerable depth in the sea, the pressure of the 
surrounding water will either break the bottle, or force 
the cork into it through the Deck. On drawing up the 
bottle, it will be found to be filled with water, and to 
have the cork within it below the neck. 

If the boiile have flat sides, and be square-bottomed, 
it will be broken by the pressure, the form being unfa- 
vourable to strength ; but if it be round, it will be more 
likely to resist the pressure, and to have the cork forced 
in. The shape in this case is conducive to Btrength, 
partaking of the quahties of an arch. 

An experiment of the nature just descKbed was made 
by Mr. Campbell, author of " Travels in the South of 
Africa." On his voyage from the Cape of Good Hope 
homeward, he forced a cork into the neck of a bottle, so 
thick as to fit it very tightly, and so that half the cork 
remained above the edge of tile neck ; a cord was then 
tied round the cork, and fastened to llie neck of ihe 
bottle; and the whole was covered with pitcli. The 
bottle was connected with a weight to make it sink, and, 
being suspended by a sounding-line, was gradually let 
down into the sea. When it attained the depth of about 
fifty fathoms, an increase of weight was suddenly felt. 
Upon drawing up the bottle, the cork was found inside, 
and the bottle filled iviih water. The pressure of fifty 
fathoms of water had forced in the cork, and filled the 
bottle. 

Another bottle was similarly corked, hut a sail needle 
was passed through the cork across the edge of the neck. 
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the pa>!9age of the cork into tile botl]e> 
Thus prepared, the bottle was again immersed to the 
depth of fifty fathoms, and the same sudden increase of 
weight was felt. Upon drawing up the bottle it tw 
fcrand filled with water, but the cork was not displaeeiL 
Mr. Campbell attributed thia effect to the water bong 
forced through the pores of the jtIbbs by the surrounding 
preaaure. It is, howeterj Bufficitfnlly evident, that the 
liquid obtained sdiniesion Ibrough Ihe more open texture 
of the cork. The circumstance of the cork and the pitch 
which covered it not being broken, arose from the per- 
fectly equal pressure whii^h was excited upon i( in all 
directiona. * 

The equality of the pressure nhich a liquid exerts in 
all directions is demonstrated by the fact, that, to yrbtU 
ever depth a soft or brittle substance may be immersed, 
it will undergo no clmnge of shape hy the surrounffing 
pressure. This is an effect which it is obvious could not 
be produced by any other cause than a perfect equality 
of pressure on every part ; for if any part were snltject 
to a greater force than an adjacent part, that p&rt would 
be pressed inwards if the body were soft, and would be 
broken off if it were brittle. A piece of soft wax, or a 
piece of glass not having any hollow part witliiu it, being 
immersed to any depth in water, suffers no change. 

If a piece of wood which fioats on water be forced 
down to a great depth in the sea, the pressure of the 
surrounding liquid will be so severe, that a quantity of 
water will be forced into the pores of the wood, which 
will be sufficient to increase its weight, so thai It will 
be no longer capable of floating or rising to the surface. 

A diver may, willi impimity, plunge to certain depths 
in the sea; but there is a limit of depth beyond which 
he cannot continue to live under the preeaure to which 
be la subject. For the same reason, it is probable that 
there Is a depth below which fishes cannot exist. 

(33.) Liquids in general are treated in hydrostadn b 
'iBGomprcMible bodies ; that is, as bodies which bong ^ 
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mitted to pressure will not suffer iheii 
diminished ; and ihis is true, except in 
was long considered that no force whatever nas capahla* 
ot compressing a Uquid ; but experiments, instituted in 
the year I761 by Canton prove, that under severe prea- 
ruie they suffered a slight diminution of bulk: it also 
appeared, that upon the pressure being removed they 
resumed their former dimensions. It was thus estab* 
lislied, that liquids not only were compressible in a alight 
degree but also elastic." 

The pressuie of liquids at great depthi 
4" below the Burface, furnish an easy method rf 
verifying by experiments these reiults. Let 
" ~ ~ '1,, be a cyUndn'cai vessel, having s 
round hole, C, in the top, thrtnigh which a 
piston, PM, passes water-tight. Lettliis ves- 
sel be completely filled with water, tlie piston 
PM being inserted in it. Let a ring slide 
upon the piston, with sufficient friction to 
prevent it from falling by its own weight; and 
let it be pressed down to the orifice C. Let the vessel 
DOW be plunged to a considerable depth in the sea. Upon 
drawing it up, it will be foiuid that the pressure of the 
surrounding water had forced the piston to a greater 
depth in the vessel ; and that the water contained in it 
was therefore compressed Into smaller dimensions. Thifl 
will be indicated by the position of the ring which slides 
on the piston ; for that will be found not at the orifice, ai 
before immersion, but at a certain distance above it. Oa 
beiog forced into the vessel, the piston passed through tile 
ring, which was restrained in its position by the top of 
the vessel immediately surroimding the piston. Upon 
drawing up the vessel, the removal of the pressure 
enabled the water contained in it to resume its dimen- 
sions, and the piston was forcerl back to its first position, 
In riaing out of the vessel it carried Uie ring up witli it, 
l^Ast the distance of the ring from die hole C, after 
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the vessel lad been ilrawn up, showed the apace through 
which the piston had been forced in. 
t This is the most convenieDt practical proof of ibe 
compressibility of water. It hkcwise estabUshes (lie 
elasticity of ihal liquid ; for if it were Diercl; compres- 
Eible, without being ehistic, the piston when forced into 
the vessel would remain in it, and the water compresicd 
would continue to retain its diminished volume after the 
force which compressed it had been removed. 

The degree of compreasion produced by a given force, 
may lie found by determining the total contents of the 
vessel; the magnitude of a given length, as one inch of 
die piston; the depth in the vessel to which the piston 
has been forced, and t!ie depth in the sea to whicl) the 
vessel has been sunk, At the depth of 1000 fathoms, it 
has been found that the buUt of tile water contained in 
ihe vessel is diminished by one twentieth of its original 
dimensions. Thus, SO solid inches of water will be re- 
duced, by the pressure of 30 fathoms of aca water, to 19 
■ohd inches. 

(34.) If a fissure in a rock happen to communicale 
with an interna! cavity of any considerable magnitude, 
placed at some depth below the top of the fissure, it may 
happen (hat rain, percolating through the Assure, and 
thereby filling the internal cavity, shall eplit the rock. 
The pressure acting against the surface of the cavity, 
uid tending to burst the rock, will in this case be pro- 
portional to the depth of the cavity below the lop of the 
fissure. For every 2S inches in this depth, a pressure of 
■bout one pound will be produced upon every square 
inch of the surface of the cavity. 

(33.) In the construction of pipes for the supply of 
water to cities, it is necessary that those parts, which are 
much below the level of the reservoir from which the 
water is supplied, aliould have a greater strength than is 
requisite in those which ure in more elevated aituatiims. 
A pressure always acts upon the inner surface of the 
pipe tending to burst it, which may be estimated in the 
T already explained. A pipe, the diameter of whose 
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bore is 4 inches^ has an internal circumference of about 
1 foot^ and the internal surface of 1 foot of such a pipe 
will be 1 square foot^ or 144 square inches. If such a 
pipe were 140 feet below the level of the reservoir^ it 
would therefore suffer a bursting pressure^ amounting to 
about 60 pounds on every square inch of its surface^ 
for 28 inches is contained 60 times in 140 feet; and 
hence a piece of the pipe 1 foot long will sustain 144 
times this pressure^ that is^ a bursting pressure of 8640 
pounds. This pressure considerably exceeds that which 
18 produced in most high pressure steam engines. 
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^^^^((Sfi.) Frou the two propertiea of liquids establislied 
^^^r*' in the last two chapters, a third, and not leea important 
^^^ one, may be deduced. If the pressure ariBing from the 
weight of a hquid be proportiona! to the depth, and that 
pressure be transmitted equally in every posiible direc- 
tion, it will fallow, that the surface of all parts of a liquid 
contained in the same vessel, or in two or more Tessek 
between which there is a free communication by tubes 
or pipes, or otherwise, must be always at the some level; 
and that if any eKlemal cause accidentally disturb thai 
level, the liquid will by its gravity return to it, the 
higher parts falling, and the lower parts rising, until the 
equohty be restored. 

Fig.a9. Let A B and A'B',_^.22., be two 

U perpendicular glass tub^, united by a 
third tube, B B', placed in a horiiionlal 
position. Let any liquid be poured into 
the tube A until the horiiontal lube B B' 
is filled. Let us now suppose that the 
lower end of the tube A' B' ia cloHed by a atopcock 
Ml B'. The tube B B' being \ioi\iQnxii, 'iixft ■«»M3 
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which flUa it has no tendency to move hy its weight 
towards dther end, anJ therefore the stopcock at 
B' sustains do pressure from it. Let an addicianal 
quantity of the liquid be now poured in at A until it £11 
the tube to tlie height C. The surface of the liquid in 
the horizontal tube at B is now pressed by the weight 
of the cotumn BC. The liquid in tile horizontal tube 
transmits this pressure undiminished Co the stopcock B', 
which is therefore pressed upwards by a force equal to 
the weight of the column of liquid BC. This prcEsore 
would evidently cause the hquid in the horizontal tube 
to rush into the vertical tube B' C if the stopcock B' 
were opened. Supposing it to remain closed, however, 
let a quantity of the liquid be poured in at A' until the 
column B'C shall attain the same height as the column 
BC ; the stopcock B' will then be pressed downwards by 
Uie weight of the column B'C resting upon it, while it ia 
at the same time pressed upwards by the weight of the cO' 
Inmn B C, transmitted lo it by the liquid in the hori- 
zontal tube- It is thus pressed upwards and downwarda 
by equal forces ; and therefore, if it were free to move, 
it would have no tendency to change its position : henc^ 
if the stopcock B' be opened, and the column B' C 
allowed to rest immediately on the surface of tlic liquid, 
it will be supported, and no motion will take place ; 
thuB the columns B C and B' C, having equal heights, 
balance each other through the medium of tlic hquid in 
the horizontal tube. 

Pin. 5.^. Let us suppose the stopcock B',^.23., 

again closed, and let the column of hquid 
in B'A' be greater than (he column of 
hquid in BA, so tliat C will be higher 
than C. The stopcock at B' will now 
I be pressed downwarda by the weight of 
the column B'C, and it will he pressed 
upwards hy the weight of the column B C. The down- 
wsrd pressure being therefore greater than the wpward, 
if llie stopcock be opened, the column B C' will descend, 
and the column B C will be forced up. The level C 
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Fig. 23. ""^ therefore fall, and the level C will 

\- rise. When they attain the same hei^l, 

LcA Iheit weights will mutuaDy balance each 
11 other,3sinJfff.22.;fliiiiif thesewerethe 
n only forces in action, all motion wonld 
riJL then ceaee. But in the descent of the 
^^ column B' C the whole mass of liquid 
in the tubes has acquired a certain velocity, whidi, by 
reason of its inertia*, it has a disposition to retain. 
The level C will therefore continue to rise, and the levd 
C to fall, after they have attained the surae height ; but 
when the column B C becomes higher than B' C* its 
downward pressure exceeds the upward pressure truis- 
mitted to it from B'C, and this excess resists the ten- 
dency to continue its motion upwards, and finally de- 
■troys it. The level C will then hegio to descend, and 
the level C'to rise; and this will continue until the level 
C has attained the height which it had at the com- - 
mencement of the processj it will then fall, and the os- 
dllatlon will continue. 

We have here, however, set aside the consideration of 
the effects of the friction between the liquid and the 
tubes which contain it. This, by continually resisting 
the motion of the hquid, will cause it to rise to a less 
height in the tubes, at each oscillation, than it did at the 
preceding one, and at length will reduce it to a stale of 
rest. In tliis state the surfaces C C wdl be at equal 
heights above the horizontal tube B B'. 




(37.) We hare hi'Jierto supposed the tubes A B and 
A' B' to be perpendicular, but the same consequeDcea 
ensue if tliey hare any obUque position, as in 
• Cob. Cyc. M™biiiiu3,E.!». rtttq. 
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Jig. 24. As before, let a slopcoct be placed at B' and 
closed; let the horizontal tube BB' be filled with 
liquid, and let a calumn be also poured into the oblique 
tube AB, the surface of which is at C. According to 
'what has been proved in the lasl chapter, ihe column 
B C presses on the Uquid in the horiw>ntBl tube with a 
force proportioned to the perpendicular height of ihe 
surface C above B. In fact, it presses with a force 
equal to the weight of a column whose height is B D, 
the line drawn from B perpendicular to the horizontal 
line from C. This presBure, therefore, is transmitted by 
the liquid in tlie horizontal tube to the stopcock B', 
which is pressed in the direction of the tube B'A' with 
that foi'ce. If a quantity of liquid be now poured in at 
A', until the height of the surface C above B' be equal 
to the height of tlic surface C above B, the downward 
pressure on B' will be equal to the upward pressure 
tranemitied from the column B C ; for this downward 
pressure is equal to the weight of a column whose height 
is B' Ty, which is equal to B D. 

By reasoning precisely similar to that which has 
been need with respect to the perpendicular tubes, it 
may be proved, that if the stopcock B' be opened, the 
liquid will remain at test ; and also that if the surface 
C be not at the same level with the surface C, an oscil- 
lation will take place, which being continued for a cer- 
tain time, the surfaces will at length settle at the same 
height above the horizontal tube. 

(38.) We have luthcrto supposed that the tubes con- 
taining the hqui<l, whose weight produces the pressure, 
are equal in bore. The same consequences may, liow- 
ever, be deduced, if ihey be unequal, or if, instead of 
being tubes, they be vessels of any form whatever. Let 
A^ifig. S5., be an oblique tube communicating with a 
leKrvoir A'B', a stopcock being placed at B'. Let 
the tube and reservoir be now flUed to the same height, 
C C, the stopcock at B' being closed. The same ho: ' 
MDtal line, CC, will mark the level of the liquid In 1 
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tdbe, md die }iiipid in Ae nmroir. The liquid B C, 
in iIk Mbe B A, mSk f««» on the liquid in the horizoa' 
ul ube, with a fane eijiul to the weight of a column of 
the Itqoid wbote ho^t is B D, anrt whose base is equal 



to the section of the tube at B. This force will be 
tranimitled by the liquid in the horizontal channel B B', 
so that each square inch of the svuface of the stopcock 
B' will be pressed by a force equal to the weight of t 
column whose base is a square inch, and whose bdghl 
h equal to B D. The liquid in the vessel A' B' presaa 
on each square inch of the other side of the stopcock, 
with a force which is equal to the weight of a column 
witntic base is a square inch, and whose height is B'D'. 
If therefore, as we hiTG already supposed, B'D' be equal 
to H D, tlie stopcock will be pressed equally on both 
iiidc»; and if it be opened, no motion will take place in 
tlte liquid. But if, on the other hand, B' D' be not 
^ual to B D, the higher surface wUl subside, and the 
lower one rise, and the oscillating motion already de- 
»crlhe<l will ensue, and wiU continue until, at length, 
tlic surfaces C and C settle at the same level. 

An apparatus, to illustrate experimentally the property 
by which liquitta maintain the same level in communi' 
c*ll(iK vessels, is represented in ^j. 26. A,B,C,D,B,aTe 
ftUas vessels, of various shapes, communicating by short 
tubular ahanka with a horisontal tube, which passes be- 
neath them, and which in the figure is concealed by the 
iland which supports the vessels. In the shank of eadi 
it |i)aceil a stopcock, K, which when closed insulates 
tlip vcHicls, an<l when openeil leaves a free communica- 
tion lietween tliem by means of the tube. Let all the 
stopcucks be now closed, and let water be poured into 
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ihe Beveral vessels, ao as to stand at iliSbrent lidghta: 
if the several sCopcocks be opened, go that the voaaels 
shall have a free communication wiili each other, 
higher surfaces will fall, and tlie lower ones nse, u 

Fie. SG. 
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they attain the same level, and then all motion will 
cease. If tlie stopcocks be again closed, and water 
poured into the vessels, so as to give the liquids lUffferent 
levels, the experiment may be repeated by opening the 
stopcocks. It will always be found, that, when the Etop- 
coeks are opened, the liquid will settle itself to the same 
level in all the vessels. 

A t«apot, kettle, or any other vessel containing a liquid, 
and having a epout, must be so constructed that the lip 
of the spout shall be on a level with the top of the ves- 
sel, or at least on a level wiili the highest point lo which 
the vessel is to be filled ; otherwise, upon filling the ves- 
sel above the level of the end of the spout, the liquid in 
the vessel, having a tendency to rise above the level of the 
end of the spout, will issue from it. If the vessel be 
inclined with the spout downwards, it takes a position 
in which the level of the water in the vessel is above 
itiu of the lip of the spout, and accordingly the liquid 

(S9-) Various examples of that class of effects which 
have been called the Hydrostatic Paradox, and which 
have been alrea<ly noticed, may be shown to be equiv^ 
lent to this property by which fluids maintain their leveL 
We shall confine ourselves here to one example. Let 
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ABC D,fy. 27., be s large veBsel, with perpendimkr 
lides, and communicadng b; B E widi a perpendicular 
tube, E F. If water be poured into A B C D umii it 
rises to the level K L, it will aland at the sBine level, H, 
in the tube E F. 

Fig. 27. 




Now, tnppoie all the water in the vesse] A fi C D 
above the level M N ti> be removed, and its place mp- 
plied by a piston, M N, which moves watertight in tbe 
vesael ; and let thia piston be loaded with weights, h 
that ihe weight of itself and its load shall he equal to the 
weight of the water which has been removed : the pis- 
ton will then press on the water below it with the sune 
force as the water removed previously pressed upon it; 
and as the water removed was sustained by it, the piston 
with its load will also be sustained. Thus it appears, 
that thia piston is supported by tlie pressure of the co- 
lumn of water in £ F. It will easily be perceived that 
this is identical with the hydrostatic bellows eKpIained 
I, (8.). 

If the column of water in the tube above the level O 
be removed, and its place tnippiied by a piston of e^ual 
weight, this piston, O, will support the great piston MN. 
This effect is equivalent to the principle of the hydnr- 
static press explained in (7.). 

(•to.) After what has been already proved, it is nearly 
self-evident that every part of the surface of a fluid con- 
fined in a vessel roost, if at rest, be at the same level. 
If this were not the case, it would evidently be possible 
that the surfaces of tlie same fluid, in communicatilig 
vessels, might have different levels ; for if we soppose 
two diSereot parts of the surface of a liquid in ■ veod 



10 have different heights, as represented in tlie v 
ABCD, fij/.S8., let us iHTide the vessel into two by a. i 
solid partition, EP, Jeaying, however, between the t 
Fig. 38. 




parts, J, ..;,,::.,i.,:,^;-'j.!, '-*, ^i .;.- boltom ; and let this 
partition so divide the liqui<!, tliut the lugliur part of the 
mrfHce, H, shall occupy one division, and (he lower part, 
h, the other. We should thus have a Hquid in commu- 
nicating vessels sUndJng at different levels ; a result 
which would be inconsistent with what was formerly 
proved. Therefore it follows, that all parts of the but- 
face of a liquid contained in any vessel must stanil at 
the same level when at rest. 

Indeed, this theorem is nothing more than a mani- 
festation of the tendency of the component parts of every 
body to fall into the lowest position which the nature 
of their mutual connection, and the circumstanceB in 
which they are placed, admit. Mountaina do not sink 
and press up the ac^ftcent valleys, because the strong 
cohesive principle which binds together the constituent 
partidcs of their masses, and those of the earth beneath 
them, is opposed to the force of their gravity, and i» 
much more powcriiil : but if this cohesion were dissolved, 
the«e great elevations would sink from their lofty emi- 
nences, and the intervening valleys would in their turn 
rise — an interchange of form tak^g place; and this im- 
dolation would continue until the whole mass would 
attain a state of rest, when no inequality of height would 
Tcmain. All the inequalities, therefore, observable 
flie surface of land, are owing to the predomitvanct 
ibe cobesire orer i]ie gravitative principle: flie iotrwa 



I 
I 



58 A TRBATISH OW BTDItOSTATICe. CBAP. IT. 

depriving the earth of tte power of transmitiing, equally 
and in every directioiij the preaaure produced hy the 
latter. 

On the other hand, if the sea, when in a atste of agi- 
tation, .were suddenly congealed, the cohesive prioriple 
taking a strong effect, the mass of naler would lu»e the 
power of transmitting pressure, and those ineqnalitiea 
which, in the liquid form, were fluctuating, would be- 
come fixed ; every wave would be a hi!!, an<l tile tnler- 
mediate space a valley. 

There is a curious optical decepdon attending ihe 
alternate elevation and depression of the surface of a 
liquid, which it may be useful here to notice. The 
wavea thus produced appear to have a progreasive motion, 
which is commonly attributed to the liquid itself. When 
we perceive the waves of the sea apparently advancing 
in a certain direction, we are irresiBtibly impressed with 
a notion that the sea itself is advancing in that direction. 
We consider that the same wave, as it advances, is com- 
posed of the same water, and that the whole surface of 
the hquid is in a state of progressive motion. A siight 
reflection, however, on the consequences of such a sap- 
position, will soon convince us that it is unfounded. 
The ship which floats upon the waves is tint carried 
forward with them ; they pasa beneath her, now lifting 
her on their summits, and now letting her sink into the 
abyss between. Observe a sea fowl floating on the 
water, and the same efiect wiU be seen. If, however, 
ihe water itself partook of the motion which we ascribe 
to its waves, the ship and the fowl would each be carrieil 
forward, and would have a motion in common witli the 
liquid. Once on the summit of a wave, there they 
woiUd condnuilly remain, and their motion would be as 
amooth as if they were propelled upon the calm sur- 
&ce of a lake. Or if once in the valley between two 
waves, tliere hkewise they would continually remain, the 
wave continually preceding them and the other fol- 

In like raajiner, if we observe the wt,ve« con&>n>ui&-j 
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■[fMftchlng the shore, we must be convinced that thia 
^parent motion is not one in which the water has on^ 
ehare : far were it so. the waterE of the sea would soon 
be heaped upon the shores auil would iiiundute the adja- 
cent country: but Eo far from the waters partakii^ of the 
■fiparent motion of the waves io approaching tlie shore, 
this motion of the waves continues, even when the waters 
are retiring. If we oliaerve a flat straml when the tide 
a ebbing, we shall still find the waves moving towards 
the shore. 

That the apparent motion of the waves is, therefore, 
an illusion, we can no longer doubt ; hut we are natu- 
rally curious to know what is the cause of this illusion. 
That 3 progressive motion takea place in aomething, we 
have proof, from the evidence of sight. That no pro- 
gressive motion lakes place in the liquid, we have also 
proof, both from the evidence of sight, and from other 
still more unquestionable testimony. To what then 
does the motion belong ? We answer, to the /nnn of 
the wave, and not to the liquid which composes it. 
Fig. 29. 
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Let the undulating line in fy. 3<f. he supposed to 
represent the surface of the sea, and let ABC be tlie 
crests of three successive waves, ajid a & c the inter- 
mediate valleys : let L M represent tJie bottom of [he sea. 
At A, the depth of the water is represented by the line 
A K. Take any point near A, as m', and the depth here 
ia represented by «»' K'. The summit of the wave 
being A, the depth at A ig greater than the depth at m'. 
The pressure of the cohiwn AK being greater than few 
^»'K'. tie point A lus a tendency to fall, »a4 ^gft 






rise by reaeon of this excess of pressnre. 
Therefore w! will rise to the point A', while A sinka to 
the level m. Thus the points A and m' have voxel' 
cbflnged levels; the point m' being now raised lo u 
height above the bottom LM as the point A lud 
Fig. 29. 
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before the change, end the point A having fallen tt 
height which m' had. In like manner it will be found 
that, for every point in the first position of the wave, 
diece is another point in the Eecond position with which 
it interchanges elevations. If these circumstancea be 
closely considered, it will not be difEcuIt to perceive thai, 
in the interval which we have supposed, the Ttuious 
points on the surface of the water, such as m', which 
were before on the sloping sides of the wares, have now 
become their summits, A'B'C, &c. Not that the point* 
ABC, &C. have advanced to A'B'C, &c., but that thej 
have fallen from their former elevations, while the latter 
have risen. It appears, therefore, that the undulationa 
of the surface are produced by its diSbrent points as- 
cending and descending alternately in a perpendicular 
direction, without any kind of progressive motion. 

To make tliis still more clear, let us suppose that per- 
penihcular lines be drawn from every part of tlie surface 
A a B b C c, &c. to the corresponding points in the sur- 
face A'o'B'6'C'c', &c, and let the interval between 
the periods at which the surface of the liquid assiunes 
these two forms be conceived to be one second ; in that 
tima the several points of the first surface, which are 
marked by the letters ;>, fall in the direction of the dotted 
liaetferpettdicutuly downwards to xtie ^\a\& u^uV^A. ^ , 
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mil ihe pointa niArked j rise perpaidicularly upwards, 
in the directions miirked by the dotted linea, Co the po- 
lilions indicated by the letters q'. Between the two 
poaitioiiEi A and A', the points of ttie surface between A 
and m' have both risen and fallen during the second ; 
they have lirat risen to an elevation cijual to that of A, 
and have for an instant in their turn formed the crest of 
the wave; but, before the expiration of tlie second Iiave 
Bgun fallen perpendicularly to their portion in the dotted 
line- It vtill thus, it is hoped, be understood liiiw the 
/wTTi of a wave may actually have a progreasive motion, 
while the water which composes it is stationary. 

If a cloth be loosely laid over it number of parallel 
rollers at such a distance asunder as to allow the cloth Co 
fall between them, the shape of waves will be exhibited. 
If a pri^essive motion be now given to the rollers, the 
doth being kept stationarj, the progreesive motion of 
waves will be produced, — -the cloth will appear to ad- 
It is the same cause which maies a revolving cork- 
screw, bdd in a fixed position, seem to be advancing in 
that direction, in which it would actually advance if the 
worm were passing through a cork. That point whicli 
fi nearest to the eye, and which corresponds to the crest 
of the wave in the former example, condnuaJIy occupies 
a different point of the worm, and continually advances 
towards its extremity. 

This property has lately been prettily applied in or- 
namental clocks. A piece of glass, twisted so thltt its 
■nrface acquires a ridge in the form of a screw, is In- 
serted in the mouth of some figure designed to represent 
B finintain. One end of the glass is attached to the axle 
of a wheel which the clockwork keeps in a slate of con- 
stant rotation, and the other end is concealed in a vessel 
deiigned to represent a reservoir or basin. The conti- 
tcd glass produces the appearance 
n, as already explained, and a 
lully appears to flow from the 
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' (*!■) The properties in virtue of which liquids mun- 
tuD their level, and transmit pressure, are the cause of i 
most of the phenomena, exhibited in the various motiona 
and changes to which water is subject on the surface of 
the earth. The rain which falls on the lopa of fnow 
tains and other elevated places, if it encounter a aoil qM 
easily penetrable by water, collects in rills and nii*ll 
drains, which, soon uniting, form streams and rivuleU. 
These descending along tlie sides of the elevations, seek- 
ing a lower level, gradually encounter others, with which 
they unite, and at length swell into a river. The waters 
slill having a tendency to descend, are governed in Iheir 
course by the slopes of the ground over which they have 
to pass. They usually proceed in a winding channel, 
directed by the varying form of the surface of the 
country, always taking that course which rnost accele- 
rates ieir descent. Sometimes ihcy widen and spread 
into aapacious area, which, losing the character of a river, 
ia denominated a lake ; again contracting, they tesume 
their former character; and after being swelled and in- 
creased by tributary streams, they at lengtli come to thdr 
Snal destination, and restore to the ocean those waters 
which had originally been taken from it by evaporation. 
Throughout the whole of this process the only principle 
in operation is the tendency of liquid to find its level. 

In some cases, the rain which is lodged on elevated 
grounds meets a soil of a spongy and porous nature, or 
one which by various crevices and interstices is per- 
vious by water. In such cases the liquid often passes 
to very great depths before it encounters a harrier 
fbrmed by an impenetrable stratum. When it does, and 
is confined, it is subject to a couBiderablc hydrostatic 
pressure from the water which fills the more elevated 
veins and channels by which it is fed. This pressure 
frequently forces the water to break a passage throngh 
(he surface, and it gushes out in a spring, which ulti- 
mately enlarges into a tributary stream of some river. 
In some cases, the water which ia filtered through the 
earth is confined by impeneliable barneiK u\ f.\&A»- 



raneona reservoirs ; barriers, the Etrength of whicji ■ 
exceeds the hydroBtaiic pressare. If the groand per- 
pendicularly above such a barrier he opened, and a 
pit sunk to such a depth as will penetrate tliose strata 
of the earth which are impervious to water, the Uquid in 
the BubterraneouH reservoir, having then free adrnission 
tQ the pit, will rise in it until it attain the level which 
it has in the cbanneU from which it is Bopplied. If this 
ieni be above the surface of the ground, it will have a 
tendency to rush upwards and if restrained by proper 
means, may be formed into a_fouTttain, from which water 
will always flow by simply opening a valve or cock. If 
the level of the source be nearly equal to that of the 
mouTl) of the pit, the water will rise to that level, and 
there stand : it will form an/ If f level of the 
source be considerably below h raou h of the pit, the 
water will not rise in the p beyo i a eerfain height 
corresponding to the level of a u ce In this case, a 
pump is introduced into the p a.d h water is raieed 
upon principles wluch will be |Ia aed hen we come 
to treat of pneumatics. 

The water collected in he h h manner by 

infiltration, sometimes bur boun I an 1 rushes into 

the bed of the sea. It is s a I by Hun boldt, thai at 
the mouth of the Rto Iob Gartos there are numerous 
■pringB of fresh water at the distance of 500 yards from 
^e shore. Instances of a similar kind occur in Bur- 
lington Bay on the coast of Yorkshire, in Xagua in die 
island of Cuba, and elsewhere. 

Those sublime natural objects, cataracts and water- 
fallBj are manifestations of the tendency of liquids (o 
mtintain their level. When by the union of streams 
Urge quantities of water are collected at elevations con- J 
■iderably raised above the level of the sea, the river I 
whose head is thus formed frequently encounters, in its I 
approach lo the sea, abrupt declivities, do«Ti which itia M 
precipitated in a cataract. The heights of the cataracts 
of the great rivers of the worJil, though commonly much 
exaggerated, are etUI such as to place theae \;teiiusa&.'»]& 



phenomens Bmong the moBt appalling of natural appear- 
ances. The celebrated cataiactof Tequehdaua, tbimeil 
by the Rio Bogota, in South America, was long 
dered (o be the highest in the world, the fall having been 
estimated b; Bouguer to be not less than 1.500 perpen- 
dicular feet. Humboldt, however, has more recenllj 
found this calculation to be enoneous, and has ahown 
that the height of the fall does not exceed 6'00 feet.* 
The stream before it approaches the precipice hai a 
breadth of 140 feet, which immediately contracts, and al 
the edge of the abyss is reduced U) 35 feet. The great 
cataracts of Niagara are well known ; the breadth of the 
stream is 400 yards immediately before the descent, and 
the liquid is precipitated tlirough the perpendicular 
height of 150 feet. The sound of this cataract is dis- 
tinctly audible at a distance of thirteen miles. 

The motion of water in rivers has a sensible effect 
in wearing away their beds. By this means, in (he 
course of time, the face of a country may undergo 
coneiderable changes. Tlie falls of Niagara are gra- 
dually changing their aspect by this cause; and it is 
probable that a period will come, when the bed of the 
stream between these falls and Lake Erie will be worn to 
a depth such as to drain the entire of the waters of that 
inland sea, and convert the space it now occupies into 
a fertile plain.f Such a change appears to have beea 
already produced at the falls of ihe Nile Syene, which 
are not at all conformable to what we learn from the an- 
cients to have eidated there in former times. 

In accomplishing their descent to the level of the 
ocean, rivers sometimes suddenly disappear, finding 
through subterranean caverns and channels a more pre- 
dpitate course than any which the surface oEFers. After 
passing for a certain space thus under ground, they re- 
appear, and flow in a channel on the surface to the sea- 
Sometimes their sublemmeous passage becomes choks^ 
and they are again forced to find a channel ' ~ 

t Brmtrc'i Edlntiuigb {^Dciciate^.x^^i 
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face. The -waters of ihe Oronoko lose themselves be- 
neath immense blockn of granite at the Haudal de' 
Cariven, which, leaning against one another, form 
great natural atcheSj unJer which the torrent rushes 
with immense fury. The Rhone disappears, "between 
SejBsel and Sluys. In the year 17^2, the bed of the 
Rio del Norte, in New Mexico, hecame suddenly dry 
to the extent of 60 leagues; the riTer had precipitated 
iiadf into a newly formed cliasnij and disappeared for 
a conaiderahle time, leaving the fine plains upon its 
banks entirely destitute of water. At length, after a 
lapte of several weeks, the subterraneous channel having 
apparently become choked, tlic river returned to its for- 
mer bed. A similai phenomenon is said to have oe- 
corred in the river Amazon, about the beginning of the 
a^teenth century. At the village of Puyaya, the bed 
itf that vast river was suddenly and completely dried up, 
and remained so for several hours, in consequence of part 
of the rocks near the cataract of Rentena having been 
thrown down by an earthquake." 

(42.) The methods of conducting a canal through a 
country depend upon this property, by which liquids 
find their level : when the space Ihrough which the 
canal is to be conducted is not a uniform level plain, the 
efiects of its declivily are provided against by contri- 
vuicea called /oc^«. If a canal were cut upon an inchned 
anrfeee, the water would run towards tlie lower extre- 
mity, and overflow the bank, leaving the higher end dry. 
A channel of any considerable length, even with a gentU 
andgradnaIaIope,would be attended with this effect. 
Fig. 30. 



- '^e course of the canal is therefore divided into levels 
of Torious lengths, according to the inequalities of tile 
country through which it passes. Lei A.!!, jig. 30., 

^mla'wEaBtmrgh Encjc loi. iivJ,p.519, Huinb9l«.ToV\l.^.att.J 
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tqiresent a slope, along which it is required to conduct 
& canal. A seHes of levels, AD, E F, G B, are con- 
structed artificially, parity by forming mounds, L £ K 
Fig. 30. 



and M G B, and partly by excavations, A D L and 
K F M. The canal is carried successively aloDg each 
of the levels B G, F E, DA, These communicate wiib 
each other by locks at E D and G F, by means of which 
Tessels passing in either directioa are raised or lowered 
with perfect ease and safety. 

_Fis. SI. 



The construction of a lock is easily understood. Let 
AB and CD, fig. 31., be two adjacent levda of t 
canal ; the water in the higher level, A B, is confined b]r I 
a floodgate, B C, which may be opened and doaed *t 
pleasure, and near tlie bottom of which are small open- 
ings, covered by sliding boards, through whicli water la 
the higher level raay be allowed gradually to flow iolo 
the lower one. Suppose C E a length sufficient to con- 
tain the vessels which are to pass the lock ; at E let 
another floodgate be placed, carried to a height equal to 
the level of the water in A B. If a vessel is to be passed 
from the higher level to the lower, the floodgate FG is 
closed, and the sluices at tiie botloin of B C are opened. 
The water flows from these into the lock B G, and con- 
tinues to flow until it attains the same level in the lock 
The gate B C is then opened, and the 
Tessel is drawn from A B into the lock. The gate B C 

then dosed, and the sluices at the bottom of F G are 




opened. The water Ik^hb to flow from the lock into 
E D, and tlie level of the water in the lock gradually 
subsides. The Tessel floating upon it is thus slowly 
lowered; and this contiuues until the water in the lock 
attains the same level as the water in E D. The gate 
F G is then opened, and the vessel ia druwn out of the 
lock into the lower level. 

A Teasel is conducted from the lower to the higher 
level hy the revei'se of this process. The gate B C be- 
ing closed, and the gal« FG opened, the water in the 
lock and in E D sCanda at the satnc level. The vessel 
is drawn into the lock, and the gate F G closed. The 
sluices in B C are opened, and water permitted to pass 
gradually from the higher level into the lock ; the euF' . 
face of the water in the lock is thus slowly elevated, 
raising the vessel with it; and this continues until its sur- 
face attain the level of the water in AB. The gate 
B C is then opened, and the vessel drawn into the higher 
level. 

In whichever direction a vessel pass through a lock, 
it is evident that a quantity of water sufficient to raise 
the level of the water in the lock to that of the higher 
level must pass from the higher to the lower level; the 
canal must, therefore, be always fed with a aufiicicnl 
quantity of water to supply this waste. The ohjeclions 
to locks are the delay they occasion and the expense of 
their construction, their repairs, and their attendance. 
It is therefore often better, where it can be accomplished, 
to carry the canal through a circuitous course, than to 
take a shorter route with a greater number of loclca. 

Owing to the small quantity of friction whicli exists 
between the particles of a liquid and a solid, the slightest 
inclination in the channel is sufficient to cause the water 
to flow. In a straight and smooth channel a descent of 
one foot in about four miles will came the stream to flow 
at the rate of three miles an hour. The average slope 
of the principal rivers of the world is, however, greati 
than this. 

(4S.) It is necessary at all tiir.es to know the level of 
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(50.) To ascertaiji by direct measurement the TolumeDi 
nie of a solid body is a problem uf considerable praclicil 
difficulty, except in cases where the body has some te- 
gular shape or figure; thus, for example, if it were re- 
quired to determine the exact number of solid incbtt 
and parts of a sohd inch in a rough lump of mineral or^ 
the surfaces of which present numerous and irregular 
projections and cavities, science would in vain furnish 
rules for calculating the volume of bodies bounded bj 
aurfacea of given figures and magnitudes, and meet- 
ing under given angles. The exact practical solution of 
the problem by direct geometrical : 



fioiiies in the liquid form do not present the same 
diflicitlties ; their peculiar qualities cautic ihem to adapt 
themselves with facility to any form, and, without undo- 



going uiy change of magnitude, to take the figure 
any vessel in which they aie placed. Thus, if i 
required to ascertain the number of cubic inches in s 
mass of liquid, let a perpendicular veEsel be taken, the 
base of which is equal to a cubic inch, and let the liquid 
be poured into this vessel ; bo much of the liquid as S]la 
a part of this vessel one inch in height has ihe magni- 
tude of one cubic inch ; so much as iills it lo the height 
of an inch and a half has the magnitude of a cubic inch 
and a half ; and so on for other heights. 

This great facility which the meaeurement of Uquids 
presents, and the difficulty, on the other hand, which at- 
tends the measurement of solids, are the causes why the 
quantity of bodies in the liquid form is usually ex- 
pressed by their measure, nhile the quantity in the solid 
form is commonly expressed by their weight: thus, if wc 
speak of a hquid, we say it is so many ht^sheads, gal- 
lons, quarts, &c.; on the other hand, speaking of a solid, 
we say it is so many tons, hundreds, pounds, &c. 

(51.) The same property which renders the volume of 
a liquid easily determined, also points it out as the 
meaua of determining the dimensions of a solid. As a 
liquid will adapt itself to the ^hape of the vessel which 
contains it, fillin g every part of that vessel below its own 
level, it will in lilte manner adapt itself to the figure 
of any solid which may be immersed in it ; so that if 
the liquid were hardened and solidified, and the solid 
withdrawn, an exact mould of the solid would be exhi- 
bited by the hardened hquid. Such, in fact, is the me- 
thod by which all moulds are made. A body naturally 
Eolid is hquetied by exposure to beat, or by moisiuie, or 
by other means. The soUd, the shape of which is to be 
talten, is then immersed in it, and the hquid is hardened 
diher by cooling, or drying, or otherwise. The body ia 
then withdrawn, leaving its form impressed on the sub- 
Btance in which it was immersed. 

When a solid is thus immersed in a hquid, it dis- 
placea a quantity of that liquid equal to the dimensiona 
of that part of the solid which is immersed. If, there- 
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fore, ihe dimGnaoiis of the liquid thus displaced cnuld be 
Mcertaincd, ihe ni^;iutade of tile part of ihe body im- 
I Biened would be determined. 




This is easily accomplished. Let ABC Ttjfigt SSn 
X a vessel containing a Uquid, which we will suppou, 
n the llrst instance, stands at a level, E F ; we shall sop- 



ascertained, be now plunged in the liquid. The space 
which the solid occupies below the surface of the liquid 
haying been previaualy filled with liquid, the liquid 
which so filled it, being now excluded, must find room 
elsewhere. By yielding its place to the solid, it will 
itself displace the ai^acent particles of liquid, and • 
general change of position will take place in the whole 
mass. The surface E F wiU rise to the level E' P. The 
space between E F and E' F' must evidently be equal 
to the dimensions of the solid S, because it is the in- 
creased space which the liquid occupies, owing to the 
exclusion of part of it from the space now occupied by 
the solid. In fact, we may conEider that poicion of the 
liquid which previously occupied the space S to he re- 
moved to the space between the levels E F and E' F*. 
Thus, by means at once simple and easy, we have ob- 
tained a body E F F' E', of a regidar shaiw and easily 
measured, which we are infallibly certain is equal in 
m^;nitude to the irregular solid 6, the dimensions of 
which we would in vain attempt to determine bj the 



nicest instnunental ineasuieinent, guided hf the Elrictcsl 
mathematical rules. 

If we conceive the Teasel A B C D !□ be of glass, snd 
divisions marked on its exterior surface by parallel lines 
from the bottom to the top, as represented in the tigure, 
the interval between each division may correspond to 
any given magnitude, as a cubic inch of liquid. The 
whole quantity of liquid in such a vessel will be ex- 
pressed by the number which narks the division, and 
the fraction of a division, at which its surface standi. 
Thus, if the level of the liquid in the vessel stand at 
one third of the division shove that marked 5, the total 
quantity of liquid in tlie vessel will be 5^ cubic inches. 
Let us suppose liquid be poured in until the surface 
rises to the sixth division : let it be now required to 
determine the magnitude of an irregular lump of ore. 
Plunge it in the liquid, in which it will sink by its 
superior weight, and observe the division to which the 
surface has risen. Suppose this to be one fourth of a 
division above the eighth. It appears, then, that the 
piece of ore has displaced as much hquid as would raise 
the level two and a quarter divisions ; and, therefore, its 
magnitude is two and a quarter cubic inches. 

Wehavc here supposed that we possess a vessel previ- 
onsly graduated, so that each division diall correspond to 
a given quantity of liquid. The same property which 
suggests the use of sudi a vessel also suggests the me* 
thod of graduating it. Let a solid he formed into the 
exact shape and size of a cubic inch, and some liquid 
having been poured into the vessel sufficient for the total 
immeraion of the solid, let a Une be drawn on the ves- 
sel, marking the place of its surface; the soHd being 
■lien immersed, let another line be drawn, marking the 
place to which the surface of the hquid has risen. The 
intaral between these two lines will then be a division 
which corresponds to a cubic inch of the liquid. If the 
■ides of the vessel be truly perpendicular, and its inner 
surface subject to no inequaUlies, nothing more will now 
y than to draw a Une upon tlie vessel from top 
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to bottom, and to lUvide it into parts equal to the spue 

we have just obtained ; each division will then corre- 
spond to a cubic inch of the liquid : the diviaions 
may evidently be subdivided into fractional parts lo 
any extent that may be required. 

If, however, the sides of (he veasel be not perpendi- 
cular, or being bo, if, as will inevitably happen, Iheybe 
Hubject to inequalities more or less in amount acrording 
to the accuracy with which the vessel is made, then the 
method of division which we have juat adopt^ win not 
pve true results. It is only where Ae sides of the vessel 
ore uniform from top to bottom, tliat equal divisions nill 
correspond to equal quantities of the liquid. If one plrt 
he wider or narrower than another, Rn equal length of 
that part wUl contain more or less liquid than the other; 
and as our object is to divide into equal parts the liquid] 
and not the height of the vessel, it will follow that (he 
degrees must be smailer where the vessel is wider, and 
Pice vergd. Besides the inequalities incident to veswli 
intended to be straight, it does not always happen tbit 
mch a vessel is convenient for use. The graduated 
vessela used by apothecaries and others, who have oe< 
caaon for exact liquid measures, are more frequently 
of the tapering form of a wine-glass ; the divisions on 
the sides of such vessels will be wider near tbe bottom, 
and narrower near the top. Such a vessel may be gra- 
duated by repeatedly plunging into it tbe same solid, and 
marking the changes of level which it produces, filling 
the vessel with liquid to the new division each time the 
■olid ia withdrawn : or it may be effected by continu- 
ally pouring into it a previously ascertained measure of 
liquid, and marking the succeeaive changes of level. 

The effects of immersion not only measure the total 
dimensions of a solid, but also determine any required 
part of it. If the solid be only partially immersed, that 
part which ia hctow the surface of the Uquid, displadng 
B portion of tlie liquid equal to its own bulk, will cauK 
die aurikee of the liquid to rise, and the space throng 



which it rleea wiU iniiicale tlie magnitude of ihe part of 
ihc solid which 18 JiQiiiersed. 

A solid body may thus be easily divided into two or 
more patts having any given proportion to each other. 
Suppose it be required to divide a soUd into two equal 
puts. Let the solid be totally immerEcd in a liquid, 
and Dbserve the height to nhieh the surface of the liquid 
rises. Let the solid be now withdrawn from the liquid, 
and let it agun be partially immersed until the surface 
liie through half the former space ; the Uquld dis. 
placed will then be half ihe quantity which was displaced 
by the total immetBion of the solid : therefore the part 
now immersed must he half the magnitude of the whole. 
If a line be marked on the solid at the points where the 
surface of the water meets it, a division made through 
this line will divide the solid into two equal parts. In 
the same manner, if it were required to cut off a fifth 
part of the entire magnitude, it will be only necessary to 
immeree it, until the surface of the water rise in the 
icsiel, through a space equal to the fifth part of the 
Sfoce through wluch it would be raised by tile total im- 
mersion. It is evident that a similar process woidd 
eokble ne to cut off any required part of the body ; and 
a Kpetition of the process opplied to the remainder of the 
tody would enable us to cut it into any number of 
pans, equal or unequal, or bearing any required propor- 
Ikn to each other. 

There are circumstances which occasionally impede 
die practica] use of the method of measuring a solid by 
immavion. Thus, for example, if the solid be soluble 
in the liquid, tlic method foils, In this case, however, 
wme other liquid may generally be selected, in which 
the solid is not soluble. Again, if the body be of 
■Itch an open or porous texture be (o allow the liquid 
10 penetrate its dimensions, the methoil evidently fails, 
becaute the soUd does not displace a quantity of the 
liquid equal to its magnitude. The liquid which 
the pores still occupies its former place ; and the { 
diildaced is, in fact, only the difiercnce betneed a i^wv;- 
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tity of KquicI equal in bullc (o the body, and the quantity 
which ihe boily absorbs. If the absorption of the liquid 
do not atfecl the ilimensiMis of the solid, the method 
may still be apjiliei] by saturating the solid preriouslj tn 
the evperiment being tried. 

From what has been stated it follows, that if a solid 
be plunt^fd into a vessd filled with a liquid, sb much of 
the liquid will overflow as is equal to the magnitude of 
the solid immersed. And a vessel whicli is only ]i«- 
tiaUy filled, will become brimful bj the immerBion of a 
solid, whose magnitude is equal to the part unfilled. 
Thus a teacup, which is filled to the brim with tei, 
will overflow when sugar is put in ; and a bath should 
never be filled beyond such a height as will allow >n 
unfilled space equal to the aggregate magnitude of the 
bodies of the bathers. 

(32.) We have seen the efl'ect which the immersion 
of a solid produces upon the volume of a liquid. Thii 
effect is sometimes eKpressed by slating that the vDlame 
of the liquid receives an increase equal to the volume 
of the solid ; by this, however, it is not meant thM 4e 
absolute dimensions or measure of the liquid are iocreued, 
but merely that the apparent dimensions included iridlil 
die external boundaries of the liquid are sttgniaited bf 
the magnitude of the solid. In fact, thecontents of dK 
Teasel in this case are the liquid and the solid IcgeAct; 
but the solid being surrounded with the liquid, the dhim> 
aions of the liquid are estimated by its exterior aurttBU, 
in the same manner as the dimensions of a rock nrotiU 
be estimnted by its extenial limiw, even though it thoi^ 
contain widiin it a cavity filled by any other substance. 

We shall now consider what effect is produced upon 
the apparent weight of a liquid by the immerdon of a 
solid. Let A B,fig. 3()., be a vessel containing a liquiili 
placed in the dish U of a balance E F, and counterpoised 
by weigbtB in the opposite dish G. The ndghts in 
will then be equal to the weight of the vessel A 11, and lltt 
weight of (he liquid it contains. I^et ■ Bolid, S, heaTj 
enough to sink in the liquid, be now suspended by • 



horse hair, or fine thread, from an arra C, and let the 
■nn C be so placed as to allow the solid S tn sinlc into 
die Kquid until It is totally immersed, bat so that it 
■hall not touch the bottom of the vessel. It will be oh- 



terred that the dish D will immediately preponderate. 
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the weights in G being no longer sufBcient to counter- 
poise the weight in tlie opposite dish D. Hence we 
infer at once, that se (he apparent dimensions of the 
liquid were increased by the immersion of the solid, so 
also ia the apparent weight of the liquid augmented. , 
But tlie amount of this increment of weight is still tA 
be found. 

Let additional weights be placed in the dish G until 
equilibrium be restored; the amount of these weighs 
will express the increase which the apparent weight of 
the liquid receives from the immersion of the solid. Let 
these additional weiglits he now removed, and let the 
solid 8 be also removed from the vessel A B. The ba- 
lance will then again be an equilibrium. The height to 
which the surface of the liquid in the vessel A B was 
raised by the immersion of tie solid S having been oh- 
8«rved, let so much more liquid be poured into the vessel 
A B as will raise the surface to that point. This quan- 
tity, according to what has already been explained, ii 
eqnal in balk to the solid S ; and by the weight of this 
quantity the dish D will now prepondetatt. Let the 
waghts nhicb teetoTed ihe equilihtium wlien &e ^^j^ J 




w 



84 

formerly immerBed be DOW again placed in Ihe dieh 
Oj and equilibrium will be once more restored. It 
diersFore follows, that the inciease which the apparent 
weight of the liquid receives from the immeruon of i 
solid is equal to the weight of the portion of liquid 
vbich the Golid displaces. 




As (his is a principle of the highest importance in (he 
tiieory of Suids, and indee<l in physical science generally, 
it may not be useless here to present ita experimental 
illustration under another point of view. Let A B and 
A' B', Jir/. 40., he two similar and equal glass veasels of 
equal weight, and let them be filled to the same level L 
and L', with water, and placed in the dishes of a balance. 
Being of equal weight, they will then be in equihbHum. 
Let a soUd S, suspended as in the former case, be im< 
mersed in A B. The dish D will preponderate; and the 
leyel L will rise to I. Let water be now poured in A'B', 
until the equihbrium be restored. It will be found that 
the level of the water in A'B' has been raised through 
the same space by the additional water neceesary to re- 
■tore the equihbrium, as the level of the water in AB 
hat been raised by the immersion of the soUd, The 
conclusion is evident. The immersion of the solid gives 
to tile vessel an increase of weight equal to that which 
it would rcreivc from the addition of so much water as 
the sohd displaces. 



CHAP. V. EPFEOTB OF IJIilBIlSIOy. 8-5 

(53.) We have here supposed Ihe immersion of tlio 
solid to be total ; and, consequeotl;, the weight imparted 
to the liquid is diat of a portion of tlie liquid itseli' equd 
to the whole bulk of tile solid. But the same experi- 
ments will give dmilar results, if the solid be only par- 
tiall; immersed. Still the weight which the liquid will 
receive, will be eqiud (o the weight of that portion of it 
which will be displaced by the part of tUe solid im- 
mersed. It will not be necessary here to repeat the ex- 
perimental process by which this is verified ; it ia the 
same, in all respects, as has been already explained with 
reference to totid immersion. 

The manner in which the immersion of the solid has 
been described in the preceding experiments, by sus- 
pending it irom the arm C by a thread or hair, requires 
that the solid ^ould be one which, by its weight alone, 
will sink in the liquid. The conclusions at which we 
have arrived are not, however, limited to such bodies. If^ 
therefore, the solid to be immersed be one so light that 
it would float on the Uquid, its immersion must be pro- 
duced by a different means; it must be pressed into 
the hquid by a rigid indexible wire, or some other 
means. When this is accomptiehed, however, all the 
results are conformable to what has been already ei- 
pl&ined. 

From all which has been stated, we may, therefore, 
infer that the immersion of any soUd, whether total or 
psrttal, increases both the apparent bulk and the appa- 
rent weight of the liquid ; and that it increases both 
exactly in that d^ree in whicli tlicy would be increased 
by the addition of so much of the same Uquid as is equal 
in magnitude to the immersed soUd. 

(54.) The weight both of tlie Uquid and the soUd 
immersed in it, depends on the attraction which the earth 
exertB on their particles; and, therefore, so long as the 
mass of the liquid and the mass of the solid remain un- 
■Itered, their weights in tlie same place must be 
table. It foUows, therefore, that die increase of 
which the vessel receives from the immersion of the 
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Fig. 41. 



wdid cannot proceed from any iocrease of weight in 
either [he veitt>e[ or the liquid, nor can it proceed iitini 
any increase or diminution ia the weight of the solid 
immersed ; the mere fact of iiamersiou ciui cause no 
change in the amount of theae wei^ts. 

It ia natural, therefore, to enquire whence the increue 
of weight which the vessel receives by the iinmeraian of 
the solid proceeds. We have seen that the actual wei^ 
of the water contained in the vetiKel remains unoliered, 
irhile its apparent weight is increased. We know tbtl 
the actual wdght of the solid cannot be altered^ but it 
is still to be seen how its apparent weight is affected. 
Xiot us suppose the soUd imtDersed to be heavier tlim 

Ed let it be suspended from the arm of a balauee, 
^ted inj^. 41.. and counterpoised. Letil tlua 
rsed in the liquid contained in the Tessel, m Ifr 
, [ in the figure. Immediately the equilibiinm 

will be destroyed ; the dish G will preponderate, asi 
the arm E will rise : it therefore appears that by i>K 
tnersion the apparent weight of the sohd ia diminMud. 
Let us now enquire the amount of this dinsinatiMk 
Remove from the dish G Buch a quantity of weight H 
■will restore the equilibrium, so that the disb O will no 
longer preponderate, but will exactly counterpoise the 
'weight suspended from E. The weight thus removed 
is the amount by which the apparent weight of the solid 
is diminished by immernion. Let the quantity of ^ 
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Uquiil be obtained by means of a balance, tbe weij;bc of 
wbirh is equal to tbe weight removed frtnn ibe Uidi O. 
Let tbe level at wbich the bquid stands in tbe vessel A B 
be marked on its side, and let the solid be tben reniovod 
from it; tbe surface of tbe liquid will immediately fall, 
leaving a space between its former and present Icvd 
equal to the magnitude of tbe solid. Let tlie liquid, 
whose weight was ascertained to be that which was lott 
by tbe apparent weight of tbe soliii, be now poured into 
the vcBsel A B, the surface will rise to the point at whidi 
it stood when the solid was immersed. 
Hence it must be evident, 

1. That by Ibe process of immersiDii, while the ap- 
parent weight of tbe liquid is increased, tbe apparent 
weight of the solid is diminished. 

S. That the increase which tbe apparent weight of 
the liquid receives is exacdy equal to the diminution of 
the apparent weight of the solid : and, 

3. That the amount of this increment of the one 
spparent weight, and decrement of the otlier, is the 
weight of a portion of the liquid whose magnitude is 
equal to the magnitude of the solid. 

If we pursue these conclusions into tlicir conscquencei, 
■we shall obtain some remarkable results. Suppose it 
should so happen, that the body selected for immersion 
is one whose weight is equal to the weight of its own 
bulk of the liquid; by the principles just estabbshedit 
will lose by immersion its whole weight; and, conse- 
quently, when immersed, if it were suspended from the 
arm of a balance, it would weigh nothing ; that is, the 
diread which connects it with the arm would be stretched 
by no force, and tbe body would have no tendency to 
descend : and, accordingly, we find this to be actually 
the case. Let a hollow brass ball be provided, with a 
means of enclosing fine sand within it ; by this means 
let the weight of the ball he so adjusted as to be equal, 
to that of its own bulk of water, and let it be thrown 
into a vessel of that liquid. It will be found that it will 
remcdn suspended indifferently in any position, provided 
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level on which the boltoia BC 
be mspencXed b^ a fine thread T, the weight of 
may be neglected ; and let ituB thread be carried 
^oQved wheel R, aucU a weight W being appended 
it ta will counterpoise the salid AB C D, and keep 



tlieiefl^l 




BUBpended in ihv Ibiuirl uiihout i-itlii.T i-ihiEig or sinking. 
In this state tvcry part of tlit Itvcl L' Jl' must sustain 
the EBme pressure downward ; for, if any one part suf' 
fered a greater pressure than another, the liquid belev 
the level L' M' would tjausmit the greater pressure un- 
diminished in the upward direction to the point where 
the lesser pressure is supposed to act; and this pcont 
would move upwards, by reason of the excess of the up- 
ward pressure ; but no such effect is supposed to tilce 
place, and therefore no part of the level L' M' is under i 
greater pressure than another. 

The bottom B C of the solid occupies a square inch 
of the level L'M'. Let the column resting on BC, 
of which the solid forms a part, be imagined to be con- 
tinued lo the surface. It is evident that the downward 
pressure excited on the base B C will be equal (o the 
weight of the incumbent column E B C F diminished 
by the weight of tlie counterpoise W, This column 
consists partly of the liquid £ A D F, which is above 
tbe solid, and partly of tlie solid itsulf, Since this dowD- 



t preasiue is sustaJaeil by the aCratuni L'M' at B C, 
llows that every part of that stratum equal in raag- 
Je to B C must sustain the Bsme downward pres- 
Take H ti, equal to B C, and tile part H B sus' 
i a pressure arising from the weight of the columti 
quid G H B E, which rests upon it. The weight of 
column must, therefore, be equal to the weight 
di presses on B C. 

.et ua suppose the column G H B E divided into two 
A ; BO that the part I A B H shall be equal in 
to the solid A B C D, and the part I A E G equal 
le liquid E A D F above the solid. Let us now com- 
' the equal pressures which act on B C and B H. 
former ia the weight of E A D F, together with the 
'ht of the solid diminished by the weight of the coun- 
oise W. The latter is the weight of GI AE,to- 
er widi die weight of I A B H. It appears, therefore, 
the weight of the column E B C F exceeds that of 
column GHBE by the weight W. But since 
part E A D F of the first column is equal in weight 
M paet G I A B of the second, it follows that the 
;ht of the solid A B C D exceeds the weight of its 
bulk I A B H of the liquid by the weight of the 
iterpoise W. 

Tow, since the counterpoise W is the force which 
enta the solid from sinking, it expresses the tendency 
Ue solid to sink, and it therefore follows, that this 
leney ia estimated by the excess of the weight of the 
1 above the weight of its own bulk of the liquid, 
rding to what has already been experimentally esta- 

a the preceding reasoning, the solid has been Bup~ 
id to exhibit a tendency to sink when immersed in 
fluid, whidl tendency has been checked by the coun- 
mse. Let us now consider the case of a solid which 
unH suspended in the liquid without any tendency to 
or rise. In this case the pressure on B C, fig. 43., 
le weiglit of the solid, together with that of the fluid 
'e it ; while the pressure on H B is equal U> the 
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weight of the liquid I A B H, equil in bulk to the solid, 
togelher with the weight of the liquid G I A E equal to 
the liquid above the soUd; since the pressure on H B 
and B C must be equal, the weights of the columns 




GHBEand EBCF are equal. From these equala tdw 
away the weights of the liquid G I A Band E A DFis- 
gpectirel^j and the remainders, which are the weights <f 
the solid and its own bulk of liquid, will he equal. Tiaa, 
in conformity with the results of experiment, it nppean 
that a solid which remains suspended in a liquid muit 
be equal to the weight of the liquid wliich it diaplacet. 

I Fig. 44. 

'Binimj, let as consider the case in which the solid 
mened has a tendency to rise to the surface ; suppOK 
ft fine thread attached to the bottom of the solid to be 
carried tinder a grooved wheel R', Jig. 44., and, being 




brought upwards, to be passed over another grooved 
wheel R, and let such a weight W, be appended to ii aa 
ivill check the tendency of the EoUd to rise Ut the surface, 
but not sufficient to cause it to sink. The soUd ABCD 
tiherefore remains suspended in the liquid. 

According to the reasoning tised in the former caaea, 
it may be inferred that the pressure on B C must be 
equal to the pressure on B K. The pressure on B C is 
equal to the weight of ihe solid, the liquid above it, and 
die counterpoise W. The pressure on B H is equal to 
the weight of the liquid I A B H, equal in bulk to the 
solid, together with the weight of G E A I, equal to the 
weight of the hqoid above the solid. From these equals 
take away GEAI and EFDA, and the remainders 
will be equal ; that is, the hquid, equal in bulk to the 
solid, will be equal to the weight of the solid, together 
with the counterpoise W. It therefore appears, that a 
portion of the liquid equal in bulk lo the solid exceeds 
the weight of the solid, by that weight which is just suf- 
fieient to prevent the solid ascending lo the surface and 
to keep it suspended in the liquid. Hence, in conformity 
with what has already been experimentally proved, it ap- 
pears tlmt a soUd lighter than its own bulk of the liquid 
has a tendency, when immersed in the liquid, to rise to 
the surface widi a force equal to the difference between 
its weight and that of its own bulk of the liquid. 

The fact that a solid equal in weight to its own bulk 
of liquid will remain suspended indifferently in any po- 
sition in the hquid, may also be very easily comprehended, 
by considering that the hquid itself remains quiescent. 
If, then, we take any portion of the liquid beneath its 
surface, say a tnibic inch at the depth of one foot, that 
cubic inch of hquid remains at rest. Suppose it now to 
be congealed and to become solid, — not, however, altering 
in any way its bulk, — it will evidenOy still remain at rest, 
because the fact of it becoming solid introduces no force 
to put it into motion. It will, therefore, be in the case 
of aaiy sohd immersed in llie hquid equal in weight to 
the liquid which it displaces. 
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Sat it will be more philosophical to dedau the &M 

[ 'it the snxpeiiBion of the solid from the reasoning ilieady 

;glTen, and founded on the diBtinctive property by which 

I * fluid tmnsinits pressure ; and this same property Ji 

t on nhich the quiescence of all ports of a liquid 

dqwnds. 

(56.) We have hitherto conBidered the cases only in 
which the sohd is totally immersed. The efiects of 
partial immersion are in all respects umilar, and inra* 
figoted on the same principles. 

F'g. «. 



1 




Let A B C D, fig. i5., be a solid partially ii 
n a liquid whose surface is L M, and having a tendency 
to sink Biill deeper, which tendency is checked by the 
'Counterpoise W. Sinee the solid is in equilibrium, the 
atratum L' M' of the Uquid, immediately below its bne, 
must be equally pressed in every part. The prearare on 
B C is equal to the weight of the soUd diminished bf 
the counterpoise W. Let H B he a portiMi of the «■• 
turn equal to B C ; the pressure here, which is eqnil to 
die former, is the weight of the column G H B E. TUi 
edumn is evidently equal to the weight of the Kqnid 
diipUced by the solid ; and therefore it follows, thM 
fbe ireight of- the liquid displaced by the tolid it eqiul 
I to the weight of ihe solid diminished by that of the 



counterpoise ; or, what amounta to the gsme, the weight 
of the counterpoise is equal to the excess of the loUd 
above ihaC of the liquid wliich it displaceB. Thus the 
same property belongs to the partial immeisioD of ibe 
■olid, as has been already proved to appertain to total 



This result may be verified eKperirnenlally, by at- 
taching the tliread which supports the sohd A B C D to 
ifae arm of B balance, and ascertaining tlie weight from 
the opposite arm which will support it. This being done, 
and the level of the surface 1. M being observed, let the 
solid be removed frum the liquid ; the counterpoise from 
the opposite arm will no longer be able to sustain the 
solid. Let such an additional weight be added as will 
support it, and take a quantity of the liquid, the weight 
of which is equal to this additional weight. This quan- 
tity, being poured into the vessel, will restore the level 
L M to its former height : hence it appears that thia 
quantity is equal in magnitude to the part of the solid 
which was immersed. 

Fie- 46. 
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If the Eohd partially immersed have no tendency 
Mlher to sint or rise, the counterpoise W will be un- 
uecessary. In this case the pressure on B C, fg. 46-, 
is equal to tlte weight of the soUd ; and the equal pres- 
sure on H B is equal to the weight of the liquid dis- 
[daced by the solid. Hence it follows, that when a 
solid floats on a liquid, it displaces as muGll liquid as il 
equal to its own weight. 



96 A IDEATISE ON BYDKOSTATICS. CBAr.t. 

This may be vetified eKperimeatallj. Let a solid 
irliich floala DO h liquid be first weighed, and let ■ por- 
tioii of die liquid of equal weight be ascetloined. Let 
the level of the liquid in a vessel be observed, aud let 
tlie cliange of this level be ascertained, which is prodacal 
by the solid floating on its surface. It will be found 
that the same change of Urel will be produced bjF 
poucing into the vesEel as much liquid as it equal to ibe 
weight of the soUd. If it be remerabered that the change 
of level is owing to the space beneath the surface of the 
liquid occupied by the solid, it will be ea^ly imdentood 
that the portion of liquid lUsplaccd by the solid ie that 
which is necessar; to produce the same change of lerd, 
and this portion is equal in weight to the soUd. 




It may happea that a solid partislly iminersed bu * 
tendency to rise. Let this tendency be rfiecked by the 
force of the weight W, Jig. 47., drawing the solid down- 
wards. The pressure on B C ia here equal to the wei^t 
of the »oUJ, together with the weight W ; and this, ta 
before, is equal to the weight of G E B H, the Uipad 
displaced by the solid. Hence it appears that AV, whid> 
expMssea the tendency of the solid to rise, is equal ta 



the excess of the weight of the fluid displaced by the 
solid above the weigbt of the aoUd. 

This, alfio, may be verified experimentally, by remov- 
ing the weight W, and connecting the string with the 
arm of a balance. It will be found that the counter- 
poising weight, together with the weight of the Eolid, is 
equal to the vreigbt of as much liquid as would produce 
die same change of level as is produced by the partial 
hnmeraion of the solid. 

The consequences which have been just inferred are 
BO important that it may be useful here to recapitulate 

Whenever a solid is immersed in a liquid, whether 
the immersion be partial or total, it will have a tendency 
to sink, if its weight be greater than ihe weight of the 
liquid which it displaces. 

It will have a tendency to rise if the weight be less 
dian that of the liquid which it displaces. 

It will have no tendency eitlier to rise or sink if iU 
weight be equal to that of the liquid which it displaces. 

No solid can float on tile surface of a liquid if it be 
heavier than its own bulk of the liquid ; because, in 
order to float it is necessary that the liquid displaced 
be equal in weight to the solid, which it cannot be, if 
the weight of the solid be greater than that of its own 
bulk of the liquid. 

In whatever position a body floats, it will always dis- 
place the same quantity of liquid, because it will always 
displace a portion of liquid equal to its own weight. 

The effect, therefore, of immersion in every case is 
to lessen the apparent weigbt of the solid immersed by 
affording support to its real weight. 

(57-J The support, whether partial or total, which a 
K^d thud receives from a liquid, is an effect with which 
every one is familiar, and which is commonly expressed 
-by the term buoyancy. From the results which liave 
been jnsC established, it appears that a solid is buoyant 
is a h'quid, in proportion as it is light and as the liquid 
i( hearj. Thus the same solid will be more buoyaut in 
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quicksilver than in water ; anil in ihe same liquid cork 
is more buoyant than lead. Again, a Eolid wbioh baa 
buoyant;; enough to float in one liquid will sink in an- 
other. Thus glass will sink in water but will float in 
quickailver. A block of lignum vittc, or a pieoe of 
ebony, will sink in alcohol but will float in mercury. 
A block of ash or beech will float in water but will unk 
in EiUphuric ether. The reason U, that the weight of 
glass la greater, bulk for bulk, than that of water, and it 
less than that of meri^ry. The weight of lignum viOp, 
or ebonj, is greater, bulk for bulk, than that of dcobid, 
but less than that of water ; and the weight of adl or 
beech is less, bulk for bulk, than that of water, but 
greater llian that of sulphuric ether. 

If a rope he attached to a heavy block of stone at the 
bottomof a reservoir of water, it may be raised to theaur- 
Skce by the strength of a man ; but as soon as any quan- 
tily of it emerges from the surface, the same strength wiU 
be insufHcient to support itj it loses the support of the 
water, and requires for its support as much more force 
as is equal to the weight of the water wliich it has dis- 
placed. In building piers and other subaqueous worki, 
this effect is rendered peculiarly manifest ; the labourer 
feelii hinuelf cnilued with prodigiously increased strength, 
raising with ease, and adjusting in their places blocks of 
■tone^ which be would in vain attempt to more above the 
water. Such operations are carried on by the aid of a 
diving bell, a contrivance which will be esplained in a 
succeeding part of this volume. After a man has worked 
for any couMderable time in this way under water, he 
finds, upon removing to the air, that he is apparently 
weak and feeble : every thing which he attempts to lift 
Beema to bare unusual weight ; and to move even hia 
own limbs is attended with some inconreniencc. 

(58.) Every one who, while bathing, has walked in 
die water, is sensible how small % weight rests upon the 
ftot. If the itepth be so great tliat the body is immersed 
to the slioulders, the feet are scarcely seusiblc of any 
pressure on the botloin. The want of sufficient presanrs 
MB tiua case renders tile body casilj \i\'sM. In. ii\xi;m.^^oi 



to ford a river in which there is a current, considerable 
danger ia produced by this cause; even though the river 
should be Bulficiently shallow to leave a large portion of 
the body itbove the surface. The pressure on the bot- 
tom being diminished by the buoyancy of the liquid, the 
feet have a leas secure hoJd on the ground, and the force 
of the current acting on thai part of the body which is 
immersed, without affecting that part which is above the 
sncface, has a tendency to carry away the support of the 
feet. 

A body composed of any material however heavy may 
be so formed as to float upon any liquid, however lighL 
To eSect this it is only necessary (o give it such a shaps 
as will cause it to displace s quantity of Uquid, which ia 
as many times greater than its absolute bulk, as iU 
vrei^t is greater than that of an equid bulk of the hquid. 
There are an infinite variety of figures which will ac- 
complish this. A basin formed of porcelain, brass, or 
any heavier material, will float upon water if it be placed 
with its convex side towards the liquid. The water 
being excluded from the interior of (he basin, as much 
liquiil will be displaced as would be equal to the bulk of 
tliat part of the basin which is immersed, if, instead of 
being hollow, it were filled to the level of the hquid in 
die vessel. But if (he basin be immersed with its con- 
cave side downwards, the water entering the hollow c^ 
the vessel, it can displace no more water than is equal lo 
the actual bulk of malarial which composes the basin ; 
and this material beuig heavier, bulk for bulltj than water, 
it will unk. 

(59-) The method of adapting the shape of a body 
heavier, bulk for bulk, than a liquid, so as to cause it to 
float, depends on giving it such a shape as that, when 
immersed in the water, there will be, below the level of 
tbe liquid, some space in the vessel occupied by air or 
by aeme substance lighter thau the liquid. Thus, if « 
teacup be placed with its bottom downwards on the sur- 
&ee of water contained in a basin, it will float j but 
if Ow dqith to which it sioks be obs^ved, it will be 
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found that a port of the hollow of llie cup is below the sur- 
face of the water. In this case, thereforCj the space 
below the leTel of the liquid is occupied partly by ibe 
porcelain of which the cup is composed, and partly by 
the portion of air wliieh occupies that part of the hallow 
of the cup below the surface of the water. It is tbe 
lightness of this portion of air, compared with water, 
which enables tbe cup to float. That this is tile case 
may be proved by the following experiment. Let water 
be poured into the cup thus floating, and observe the 
level of the water in the cup and in the vessel; the fbr- 
iner will always be found below the latter; so that a 
Btratum of air still lies below the level of water in tbe 
basin. And this will be the case luitil the cup be com- 
pletely filled with water, when, no apace being left for 
air'below the surface, tlie cup will sink to the boltoto. 

For these reasons a ship or boat, composed of a ma- 
terial which is heavier, bulk for bulk, than water, will 
iink when filled with water by a leak or otherwise; but 
if the material be lighter she will continue to float, 
though at an increased depth : in such a case the ship ii 
said to be water-logged. Many ahips are made of a sort 
sf timber, such as teak, which is heavier, bulk for bulk, 
than water. And, indeed. If the average weight of all 
the materials which enter into the construction of an 
ordinary vessel be taken, it is probable that they are 
heavier than their own bulk of water. Whether a Tea- 
sel, however, will sink by being water-logged, wilJ de- 
pend as much upon the nature of the cai^o as the vessd 
itself. A vessel laden with iron, or with any other 
heavy substance, will, in such a case, sink ; while one 
laden with cork, timber, or any other light substance, 
will floaL 

(60.) An iron boat will float with perfect security; 
and, if it be formed with double plates of metal, in- 
truding between them a sufficient hollow space, and so 
united as to exclude the water, no circumstance cau sink 
it ; for, whatever be its position, it will displace mott 
water than is equal to its own weight. 

A contrivance to prevent ships fotutdering at y*. 
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founded on this principle, lias Ulelf been published by- 
Mr. Ralph Watson, Hd proposes to carry through va- 
rious parts in the hulk of the ahip] so situate as not ti 
interfere with the usual arrangements of freight or ac< 
contmodation for passengers, metal tubes closed at botl 
ends, BO as to exclude water. In case of the ship found- 
ering, by a leak or otheFwiee, the interior of these Cubes 
will continue still unfilled with water; and, if their 
number and magnitude bear a sufficient proportion to 
the weight of the ship and cargo, the whole will float, 
even though there should be a tree admission for the sea 
through the bottom of the vessel. 

(6l.) It is evident, from all which has been stated, 
that the degree of immersion of a veisd in the water is 
altogether independent of the nature of her freight, and 
wiil be the same as long as the weight of her cargo ig 
the same, whether it consist of wool, leather, timber, or 
metal. Ilenee the weight of tlie cargo may be always 
estimated by the depth of immersion ; and, if a gra- 
duated scale be marked upon the rudder of the vessd, 
the same scale will indicate the weight, whatever be the 
Bubatancea which compose the freight. ■ 

(62.) We have seen that a body lighter than a liquid 
will, when immersed, have a tendency to ascend to the 
surface : an inflated bladder, the weight of which is in- 
considerable, will require as much force to keep it down 
as is nearly equal to the weight of the water which it 
displaces. If such a bladder be tied to a weight of se- 
veral pounds at the bottom of a pond, its tendency 
ascend will prevail over the weight, and it will draw it 
to the surface. 

The buoyancy of solids immersed in liquidf 
quently used as a means of rcgulalins the supply ot 
reservoirs, in which it is necessary to maintain the liquid 
at a certain level. If a solid body float on the surface, 
it will rise and fall with every change of level of t' 
Burface ; and, if any impediment prevent its ascent 
descent with the aseent or descent uf the surface of the 
li^iud, it will exert a force in the one case by its buoy- 
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ancy, and iti the other by ii 
impediment. The floating body is uaually conoectei) bj 
B wire or lever, with a valve or cock which govems the 
supply of the liquid to the reservoir. IVheu the Teari 
is filled lo a certain height, the float being raised to ihK 
height acta by the wire or lever, so as lo close the valrt 
and slop tlie firnher supply of the liquid. If, on ibe 
other hanit, by use or waaie, the level of the liquid hH 
and the reservoir nant replenishing, the float desceudi, 
.and, acting on the valve In tlie contrary direction, opent 
it aud ailmits the supply of hquid. Examples of this 
may be seen in the ordinary cislems used for supplying 
water for domestic purposes. A leaden pipe is carried 
from (he main pipe, and is inCroduired into the cisteni 
which is to be supphed ; at the extremity of ihie pipe 
in the cistern, is placed a stop-cock, which is worked by 
B lever, at the extremity of which there is a large hollow 
metal ball, which is raised by its buoyancy with the 
surface of the liquid, and falls by its weight when the 
Rirface descends. The cock is thus closed when the 
surface rises lo a certain height, and stops tlie supply of 
water ; but when the surface falls the cock is again 
opened, and water is admitted. 

Many contrivances, upon this principle, have lieeo 
suggested for raising sunken Vessels. Hollow boxes made 
water-tight, and including only air, may be carried ta 
the bottom by heavy weights attached to them. The 
boxes being secured to the vessel to be raised, the wei^ta 
which sunk ihem may then he detached. If such a 
number of these boxes be attached to the vessel as will 
displace more water than is equal in weight to the vend 
to be raised and the boxes themselves, the whole wiS 
float to the surface. 

A machine upon the same principle, called the camd, 
for lifting vessels over shoals, is the invention of a burgo- 
master of Amsterdam named Bakker. In the Zujdei 
Zee, opposite 'he mouth of the river Y, there are two 
sand hanks, between which there is a shallow passage, 
impassable to vessels of large size. It was the practice 
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fbr mch TCBsela to take in their cargo after (hey had 
paned beyonil this strait ; but the accumulatioiL of sand 
became at lest bo considerable, that some means were 
necessary to transport the vessels themselves over this 
obstacle. In lfi72, large chests filled with water were 
fastened to the bottom of the vessel ; the water was sub- 
•eqDently pumped out of these, so that tliey acquired a 
buoyancy or upward force equal to the weight of llie 
water diachai^ed : the ships were thus raised and enabled 
to pass tlie shallow. A similar contrivance had been pre- 
viously used at Rome by a Dutch engineer named Meyer, 
but not BO complete or effectual a one as that of Bakter.* 

The catnel, of which we have just explained the ori> 
gjnal idea, consists of two large hollow chests, so con- 
structed as to extend along the sides ot a vessel, and 
ahapeil on one side so as to lie close to her sides, being 
square upon the outside. Being filled wjtli water they 
sink, and are without difficulty brought close to the 
udes of tite vessel, to which they are attached by ropes 
which pass round each of them and under the keel ; the 
water is then pumped out, and the buoyancy of the 
diesis raise the ship in the water so as to enable it to 
float over a shoal. An East Indiaman that drew SfteeD 
feet of water, was so much elevated by means of (his 
machine that it only drew eleven feet ; and the largest 
ahips of war in the Dutch service, of from gO to 100 
guns, were always enabled to surmount the different 
nnd banks of (he Zuyder Zee. 3uch machines are Uk^ 
wice used in Venice and in Russia. 

Life-preservers, provided in case of accident at sea, 
■re constnipted upon the same principle. A hose or 
HexJble tube is composed of a cloth prepared by a 8oIu> 
tion of caoutchouc or India rubber, by which it becomes 
kupervious to ur or water, and which is also insoluble 
in water. It is made of such a length, that it may sur- 
Knrod the waist and be secured by a buckle in front; a 
mouthpiece and valve are provided at one extremity of 
Ac tube, through which it may be inflated. When thus 
• Brevitti'i EncjfloiBDilia, T.aw. 
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Slled with air it becoines light when compared nilh tU 
own ^ulk of water ; acd, when soiraundiDg the waist, it 
gives the hoily such buoyancy that the npper part of llw 
person will continually be kept above tlie water. 

The benefit of this contrivance in case of accident* it 
sea, and more especially when, as usually happens, the; 
occur near the share, might be rendered much more 
extensive. A long hose of water-proof cloth might be 
constructed, of such a mB^;nitude as, when inflated, it 
would have suiBcicnt buoyancy to Eustain a consideraUe 
number of persons ; straps might be attached to i[ at 
proper intervals, to be secured round the waists of thoK 
whom it was necessary to support. Such an apparatus, 
when not inflated, might be folded in a very small bulk; 
and a sufiii^ient number of them to save the crew or 
passengers of any vessel would neither be expensive to 
construct or inconvenient to carry. With such aid it 
would be poBsihle for the ordinary boata, witii which 
vessels are always provided, to tow the crew and pas- 
sengers to shore. 

It would he advisable to divide a large hose for such 
a purpose, into a number of separate air cells, to provide 
gainst the accidental rupture of any part of it. 8ucb 
an accident would thus be productive of no injury, w it 
would allow the air only to escape from one cell. 

(63.) The weight of the human body is very nearly 
equal to that of its own bulk of water ; its magnitude, 
however, is subject to a small variation, caused by the 
action of breatliing: when tlie lunga are inflatcil, the 
volume of the Ijody is greater than afler they collapse. 
It is true that in this case the weight of the botly aa 
well as its magnitude, strictly speaking, undergoes an 
increase; but the change of weight is comparalivdy 
email, being (hat of a few grains of air, whicli are al- 
ternately inspired and breathed out. The change of 
volume produces, however, a sensible efifeet when the 
Is immersed in the liquid. 

When the cheat is inflated with air by drawing in the 
' tttb, the body is somewhat ligltter than iu <jwn bulk 
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of walCT ; and, if it be immersed in that liquid, it wiH 
displace its own weight before total immereiun takes 
place. If the head be presented upwards and inchne 
backwards, so as to keep (he mouUi and nose in the 
highest possible position relatively to the remainder of 
the body, a person may float with about half the head 
above water when the chest is filled with air ; but when 
he breathes out his lungs coUapse, and the bulk of his 
chest is diminished ; his weight, however, remaining the 
same, he must sink deeper in order to displace his own 
weight of water. A living body floating on water ia, 
therefore, in a state of continual oscillation, alternately 
lising and sinking: this effect is increased by ihe inertia 
of the body ; for when it descends it will not cease to 
sink exactly at that dcptli at which it displaces its own 
weight of water, hut it wiU continue to move with tha 
Telocity it has acquu-ed until the increasing weight of the 
wata: displaced forces it to return upwards : its alternate 
ascent is similarly increased. This effect may be ob- 
ierved by pressing 9 piece of cork in wuter to s greater 
depth than that at whicli it naturally fioats; an oscil^ 
lation will ensue wliich will continue for some time. 

Hence arises one of the difficulties which are found 
in floating on water ; for, in the alternate sinking of the 
body, the mouth and nostrils may be so choked as to 
intercept the breathing; a slight action of the hands or 
feet is therefore necessary to resist the tendency to sink 
after each expiration from the chest. 

The lighter the body is In relation to its magnitude, 
the more easily will it float, and a greater portion of the 
head will remain above the surface. As the weights of 
aQ human bodies do not bear the same proportion to 
their bulk, the skill of Ihe swimmer is not always to be 
estimated by liis success : some of the consdtuent parts 
of the human body are heavier, while others are lighter, 
bulk for bulk, than water. Those persons in whom the 
quantity of the latter bear a greater proportion to the 
former will swim with a proportionate facility. 

Sea water has a greater buoyancy tlian fresh water. 
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r feing relatively heavier ; and hence it is commonly sud 
to be much easier to anim in the aea than in a rival : 
thia effect, however, appears to be greatly exa^erated. 
A cubic foot of fresh water weighs about 1000 oiinctt ; 
and the same bulk of sea water weigha 1028 ounMg: 
(he weight, therefore, of the latter exceeds the forniH 
hy only 28 parts in 1000. The force exerted by ■» 
water to support the body exceeds that exerted by fterit 
water by about one thirty-sixth part of the whok fcrel 
of the latter. 

It has been proved that in whatever position a body 
floats on a liquid, the same bulk must he immeraed ; k 
foUowe, therefore, that if a person floating raise hil 
hand above the surface of ihe water, an equal porlioo of 
his head must sink. Hence the danger arising to pe^• 
■ons drowning is increased by the involuntary eSbrt by 
Which they stretch out their arms. 

(64.) Tile bodies of some animals are much lig^tet 
than their own bulk of water. Many species of lnrds> 
Hnch as ducka, geese, swans, and water fowl generally, 
present examples of this. The feathers with which they 
are covered contribute much to their buoyancy ; and, id 
many instances, a very small portion of their body will 
displace a quantity of water equal to their wnght. 

Fishes have a power of changing their hulli: hy the 
distension of an air vessel with which they are provided ; 
ihey can thus at will displace a greater or lesser quantity 
of water. When they enlarge their bulk, so as to dis- 
place more water than their own weight, they rise to 
to the surface ; and when, on the other hand, tiiey con- 
tract their dimensions, so as to displace less water than 
their own weight, tbey sink to the bottom. 

When a human body is first drowned, the atr being 
expelled from the lungs, it is heavier, hulk for bulk, than 
water ; and, therefore, remains at the bottom. The 
process of decomposition subsequently produces gases, 
by which the hody is swelled and increased in bulk ao 
much, tliat it displaces more water than is eqmd to its 
owa weight, and therefore rises 10 liie Kariace. Vftvea. 
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the vessels, containing the gases thus generated, hunt, 
the body will again contract its dimensions and sink. 

(6a.) Philosophical toys are conatructed on this piiiiia 
ciple. A small glass vessel is conatrucleU in the fonn 
of a balloon, which is hollow, and the tower part of which 
is open ; it is immersed in water with ita month down- 
wards, BO that the air included within prevents the water 
entering beyond a certain point. This balloon is placed 
'floating on the BUiface of water contained in a deep glass 
jar filled nearly to the top ; a bladder is lied on the top, 
BO as to confine a small quantity of air between it and 
the surface of the water in the jar. A pressure being 
eixcited by ihe hand on the bladder, is transmitted by 
the air under the bladder to the water, and the wiLter 
again transmits it to the water included in the balloon ; 
lliiE air being elastic, yields to the pressure and contracts 
ita dimensions, allowing a greater quantity of water ta 
enter the balloon : the balloon thus displaces a less quan- 
tity of water, while its own weight, including the air in 
it, remains unaltered. At length the water it displaces 
is less than its own weight, and it sinks slowly to the 
bottom of the jar. When the Idadder is reheved from 
the pressure, the air in the balloon again expands, the 
wftter displaced by it increases, and it slowly ascends to 
the surface. 

A solid having !ur enclosed, which is exposed to the 
preaaure of the liquid in which it is immersed, may 
o the surface if it be immersed only to a certain 
; but if it be immersed to such a depth that the 
DStatic pressure of the surrounding liquid so con- 
M the air within that the solid displaces a Icbb quan- 
iot liquid than its own weight it can no longer rise. 
Trer who plunges in the sea is lighter when he enters 
|,llia own bulk of water ; but, if he proceed to a 
" a depth, his dimensions will be so contracted by 
c of the sea that he will displace a less quan- 
«r than bis own weight, and, therefore, can- 
! by mere buoyancy, hut must ascend by the 
D of his limbs, swimming, as it were, upwards- 
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It is known that in the process of congeUtion^ water 
undergoes a considerable increase of bulk ; thus a quan- 
tity of water, which at the temperature of 40^ measures 
a cubic inch^ will have a greater magnitude when it 
assumes the form of ice at the temperature of 32^. Ckm- 
.sequently ice is^ bulk for bulk^ lighter than water. 
Hence it is that ice is always observed to collect and 
float at the surface. 

A remarkable effect produced by the buoyancy of ice 
in water is observable in some of the great riven in 
America. Ice collects round stones at the bottom of the 
river^ and it is sometimes formed in such a quanti^ 
that the upward pressure by its buoyancy exceeds tfa^ 
weight of the stone round which it is ccjlected, oonae- 
quently it raises the stone to the surface. Large masses 
of stone and ice are thus observed floating down the 
river to considerable distances from the placei of their 
formation. 
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C66.^ Ai,L [hat has been proved in the previooB chapter 
lespecting the ascent and deecent of aulids in liquids U 
equally applicable to two or more liquids in the Earoe 
vessel. In this cose, providing that no chemical corn- 
bination takes place between the liquids, the tighter will 
always ascend and remain above the heavier. And if 
more than two liquids be contained in tlie same vessel, 
they will Beverally arrange themselves in the order of 
their weights, (he lighter being above tlic heavier. 

If oil and water be mixed by shaking them in the 
same bottle, they will speedily separate when the bottle 
is placed at rest on the table. The particles of the oil 
will rise, and those of the water fall, until tbey are 
totally disengaged from one another ; the water occupy- 
ing the lower part of the vessel and the oil the higher. 
If mercury, which ia heavier than water, be added to 
the mixture, it will take the lowest place, leaving the 
water immediately above, and the oil at the top. 

These effects are only manifestations of the principle 
which has been already so fully explained in its appU- 
cation to solids immersed in liquids. A particle of a 
lighter hquid immersed in a heavier displaces a portion 
of that heavier equal to its own bulk, and it is urged ' 
upwards by a force equal to the difference between it* 
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■Wright and the weight of the heavier liquid which it 
displaceB. IFhat is true of one particle is equsll; true 
of any number; and when two liquids of different weight! 
Me mixed together, we may conaider the particles of ibe 
lighter to be urged upwards, by ttie predominating efibri 
of the heavier to Biuk to the bottom. 

Tliere are numerous familiar effects which are mani- 
feitations of the principle now explained. When a veuel 
of milk ia allowed to remain a certain time at rest, it is 
observed that a Btcatum of fluid will collect al the sur- 
face, differing in many qualities from that upon which it 
reatB. This is called trenm ; and the property by which 
it ascends to the surface is its relative levity : it is com- 
posed of the lightest particles of the milk, which are in 
the first instance mixed generally in the fluid ; but 
which, when the liquid is allowed to rest, gradually 
rise through it, and settle at the surface. 

^Then blood taken from an inflamed patient ia suf- 
fered to remain a sufGcient time in a vessel at rest, it 
resolves itself into three parts, which arrange themselves 
in the order of their weights one above auother. The 
heaviest element, called seram, settles at the bottom), 
above that a lighter substance, called coagulum, aiiKipt- 
itself, and at the top the lightest component part, caUtii 
bViff, is collected. 

If oil, which rises to the surface of water, be mixcdi 
with alcohol or some other spirits, it will settle at tlUk 
bottom. A weaker spirit is heavier, bulk for bulk, thtt 
& strong one, and its strength may be so far redoni 
that it will no longer float on the surface of oil, but wiU 
sink below it ; this is the test whicli Axes the strength 
of proof'ipirit. All spirit which floats upon oil is said 
to Ije abone proof. 

As all spirits are lighter than water, they will float 
iqton its surface if they be not mixed through iL But 
if these Uquidg be mixed, chemical effects will enso^ 
iritich will resist that separation which mechanical csntM 
would produce. If a vessel be half filled with wale^ 
«ad tbst ft piec« of paper be laid upon its surface wd 
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wine be poured over the paper, on carefuUf reraoving ^^M 

the paper so as to pnxlace the least poBsihle aglCatioii in ^^ 
the liquids, the wiue will coatiaue to occupy the upper 
part of the vessel, and the water the lower. But if, on 
the other hand, die veasel be first filled with wine, and 
the water he Bimilarly poured over it, it will immedi- h 
ately aink through the wine, and the liquids will be ^M 
mixed, their chemical affinity resisting the tendency ^H 
of the wine to rise to the top. By the following con- ^M 
trivanee, however, the wine and water may be made to ^| 
change places without intermixture. ^M 

Fir 4S Let A and Brjig. iS., be two vessels con- ^| 

fnecled by a narrow neck C. Let E he a ^M 
tube from the lower vessel B to the upper 
vessel A, and let D be a tube from the upper 
Teasel A to the lower vessel B, and let all 
communication between the vessels except 
by these tubes be stopped. Let B be filled 
with vAter to the neck C, and let A be filled with wine 
to a level above the mouth of the tube E. The water in the 
lower vessel, and the wine in tlie upper vessel, will thus be 
in contact in the neck C, but they will continue separate, 
the wine will not desrend into the water. The vessels 
being now emptied, let the lower vessel be filled with 
wine and the upper one with water. The water which 
fills the upper vessel, pressing on the wine in the lube 
D, will force it down, and compel it to ascend in E. 
The wine in the lower vessel will thus be gradually dis- 
charged in the upper, while the watet in the upper will 
be deposited in the lower. If the lower part of the 
vessel be concealed or formed of any substance not trans- 
parent, such a vessel is used as a toy, by wliicb water 
is apparently converted into wine. 

The fact that water at teniperatiu^a between the 
freezing point and 40° is lighter, bulk for bulk, than at 
higher lemperatures, has been ali-eady noticed. It fol-- ' 
lows, therefore, that water at this temperature will float 
tipon the surface of water at higher temperattu'es. 
Hence it follows that the water immediatdy beneath & 
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■heet of ice floats above the less cold water which ia at 
greater depths ; and this liquid heing a bad cooductai et 
beat, the lower region of a trozen sea may be at a very 
moderate temperature, while the most intense cold pre- 
vails above. Animal life may be thus preserved in the 
lower parts of the deep, which would be destroyed if the 
heat, thus confined there, were permitted to escape. 
The Ughter stratum of fluid imder the congealed surlace 
farms a harrier, in a great degree, impervious to the 
beat, and thus preserves the marine animals which an 
in the lower parts of the sea. 

If heat be apphed at or near the surface of water 
contained in a vessel, the higher strata of the liquid may 
be made to boil, while the lower parts retain their 
original temperature. For, like all other subatanceB, 
water expands when heated, and therefore becomes 
lighter ; consequently, the hot water at the surface will 
not descend into the lower part of the vessel, and ihe 
imperfect manner in which the liquid conducts heit 
prevents the lower strata from receiving any effect from 
the increased temperature of the surface- 
On the other hand, if the water in the bottom of i 
vessel be heated, it will be rendered lighter by ecpanfflOD 
than the cold water which ia above it ; and, conformably 
to the principles already explained, it will ascend throng 
the cold water above it in the same manner as the pai^ 
tides of oil would ascend from (he bottom of a veesd 
of water and float at the top. The lower and higher 
strata thus interchange places, and the latter in its mm 
becoming heated more than the former again interchangn 
places with it. Thus so long as the lower strata con- 
tinue to receive increased temperature, a constant in* 
terchange of position will be produced between tbt 
higher and lower strata of the liquid : ascending and 
descending currents will be constantly maintained im^ 
the liquid boil. 

This eflect may be exhibited in such a manner ts U 
he easily observed. Let a tall glass jar be filled wiA 
kM water, and let a small quantity of amber redoc^ 
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to powder be thrown into it. Amber being very nearly 
equal in weight, bulk for bulk, to water, the difference 
of weight produces bo slight a tendency in it to sink, 
that this tendency is overcome by the molicular attrac- 
tion of the water for its particles j it, therefore, TemainB 
suspended in the liquid, being mixed through every 
part of it, and is distinctly visible to the eye. Let the 
jar be now immersed to a email depth in a vessel of hot 
water, bo that tile lowest Btrats of water in the jar may 
- be gradually heated. The water at the bottom of the 
jar will be oliserved continually to ascend, carrying up 
the particles of amber with it, while the upper strata 
descend. This will be rendered visible by the ascent 
and descent of the particles of amber. 

In like manner if the jar be totally submerged in an- 
other glass jar of boiling water, the portion of water 
near the surface of the submerged jar will ilrst become 
heated, and will therefore be lighter than the water near 
ita centre. In tliis case we shall observe a current of 
amber particles continually ascending near the surface 
of the submerged jar, while a contrary current is con- 
stantly maintained near its centre. The heated water 
near the surface thus continually interchanges places widi 
the colder water in the centre. 

When a liquid has attained a certain temperature, 
which is always the same in the same liquid, but wllich 
differs in diflbrent liquids, it will be incapabli 
further mcrease. If Ibe vessel which contains it be ex- 
posed to Are, or any other source of increased heat, the 
effect produced upon the liquid will not be to make it 
hotter, but to convert it into vapour or steam. If the 
lowest stratum, as is usually tlie case, be that which is 
ei^OKd to the fire, the water in It will be first converted 
into steam, which will be produced in bubbles at the 
bottom of the Tessel. These being many hundred times 
lighter than the liquid will rise with great rapidity to 
the surface, where tliey will escape into the air, pro- 
ducing that agitated appearance on the surface of the 
liquid which is called bailing or ebullition. 
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^^^r . From the above reaaoning it will be evident, that if I 
I fire be applied for a sufficient length of time la the 
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fire be applied for a sufficient length of t 
lovreet part of a vessel containing a liquid, the whole of 
the liquid in the vessel, however remote it may be ftom 
the fire, will ultimately become heated ; for the mta 
occupying the lowest strata will continually ascend bj ill 
increased levity, until the whole mass of liquid recent 
the highest temperature of which it is capable. Ab 
apparatus for the wanning of houses is constructed dd 
this principle. A small metal boiler, made water ti^U, 
is placed upon a fire in the lowest part of the buildiiig. 
A tube proceeds from this vessel, aud is carried throu^ 
all the apartments wliich are required to be healed, 
passing along the walls in any convenient direction. 
The tubes and boiler are completely filled with water. 
A fire is kept lighted under the boiler so as to beat the 
water which it contains. As this becomes lighter by 
increased temperature, it ascends through the tubes, and 
is replaced by the colder water descending ; and this 
continues unijl the water in all the tubes is raised to the 
boiling point : the metal of the tubes becomes ultimately 
iieated to the temperature of boiUng water, and imparti 
an increased temperature to the air which surrounils 

The same tubes being furnished in proper places with 
cocks will supply hot water for batlis and other domes- 
tic purposes in every part of the building. 

The same reasoning which proves that to heat ( 
liquid the source of lieat should be apphed to the lowest 
strata, necessarily leads to the conclusion, that to cool a 
liquid the source of cold should be applied to the highest 
strata. If the lowest part of a vessel containing a Lquid 
be plunged in melting ice, tlic Uquid near the bottom, 
imparting its heat to the ice, will be cooled, and being 
rendered heavier tlian the Uquid above^ it will remain 
^t the bottom. In this case tlie only part of the vessel 
which will be cooled will be the lower strata; tlie uppet 
parts will maintain their former temperature. But if 
ibe highest stratum of ibe Unui'l m iic -leroA \ie »ii- 



rounded by melting ice, it will be £rst cooled, and being 
rendered thereby beavier will Einlc to the bottom, dis- 
plicing the warmer liquid helow. This process will be 
contlDued so long as the highest gu-atum bos a temper- 
Alure above that uf the cooling application. 

Hence it appears, that when ice is oBed to coo] wine, 
it win be ineffectual if it be applied, as is frequently the 
case, only to the bottom of the bottle ; in that case the 
only part of llie wine which will be cooled is that part 
nearest the bottom. As the application of ice to the 
top of the bottle establishes tno currents, upwards and 
downwards, the liquid will undergo an eSect in some 
degree similar to that which would be produced by 
dh^king the bottle. If there be any deposit in tlie bot- 
tom whose weight, bulk for bulk, nearly equals that of 
the wine, such deposit will be mixed through the liquid 
OS efi^tually as if it had been shaken ; in such c 
therefore, the wine sliould be transferred into a clean 
bottle before it ia cooled. 

(67.) We have shown (hat the same liquid, in com- 
Rianicating vessels, will always stand at the same level ; 
this properly depends on the circumstance of columns of 
equal haghts having equal weights : consequently it 
follows, that if communicating veeseU contain different 
liquids, of which equal columns have different weights, 
they will not Btand Co the same level. The vessel which 
contains the lighter liquid will have its surface at a 
greater height, because a column of equivalent weight to 
the heavier will necessarily be higher ; and not only so, 
bnl higher exactly in that proportion in which the liquid 
ii lifter. This will be more clearly understood by the 
following illustration : — 

J%. 49, LeiBD',_^;^. 49-, be ahotizonlal tube 

Lryr connected with two upright tubes, AB 
ml and A' B', and let a stopcock be placed 
I at B'. Let the horizontal lube B B' he 
H flUed widi quiGksiIver,sniIlet two liquids 
^L lighter ihan quicksdvei, s,n<i 'vi^AcYi, 
balk fet hulk, have iliffetenl ■«e\^\a. 
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GbriHm wis be pKMrred. 
PruB tliiB Eoodmion it u si^aioit, diat ibe infiw 
C xml C win not stand ■! the tame levd unleM d 
litjniils in the apright tubes hare, bulk for bulk, d 
Min« weight ; for if one be lighter thao the other, bdk 
for bulk, it tnU, in the same proportioii as it i« l^M 
require a greater height of column to give the MB 
weight u the heavier liquid. Thus, if a pint of the 
lighter liijutd weigh fort^ ounces, and a pint of die 
heavier weigh Mty Dunces, it is evident that ■ cofainii 
of til* Utter, forty inches in height, will e: 
|>rM«ure ■■ • column of the former fifty inches in height; 
or In iconeral It may be stalnl, that the two colainiii 
will BKurl mjual pr««ur™, prnvidEnft tint the propottiflB 
of tlio holglil of lhi< ruliuiiii uf heavier liquid shall b 
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to the height of the column of lighter liquid, the proa 
portion of forty to fifty, or of four to five. 

The eommunicsting vessels in this case arc repre- 
■ented as tubes of equal itiagnitudes; but, by comparing 
the conduaiona at which we have just arrived with the 
leasoning used in (38.), it will be apparent that these 
inferencea may be generalised ; and that liquids, con- 
tained in any communicating vessels of whatever shape 
or poaition, wiU, when in equilibrium. Lave iJieir sur- 
&ces at heights determined on the principles just laid 
down. The mtrfaces of the lighter liquids will be more 
derated than those of the heavier in proportion as their 
wdghts, bulk for bulk, are less. 

Let ABC, fig. 50., be a bent tube, open at the enda 
Fig- SO. 
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A and C, and let oil and water be poured into it ; let S 
be the surface of the water on which the oil rests, and 
draw the horizontal line S M. If the oil were removed 
from the leg A B, and the water above M also removed 
from the leg C B, the water below 9 M in the curved 
tube would retnain in equilibrium, since the surfaces 
S M are at the same level. That this equilibrium may 
be continued when the oil is introduced into the leg A B, 
and the additional water into the leg C B, the pressures 
which these liquids excite at 8 and M must be equal; 
but the pressure at S is equal to the weight of a column 
of oil, whose height is 3 N, and the pressure at M ia 
equal to the weight of a column of water, whose height 
is M P, as has been proved in (37.) i,3S.), &c. Hence 
the height 3 N muat be greater than the height M P, 
in the same proportion as water is heavier than oil ; and 
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« similar conclusion may be obtained with respect to 

The property by wliich a short column of a heariet 
fluid will support a long column of a lighter one fan 
been used by M. Dectol in machines invented bj him, 
called hydreoles, for the purpose of forcing vUer abon 
its original level. In these machines water is, by « 
ingenious contiivance, mixed with air ; the imxtuie ii 
of course lighter, bulk for bult, than pure water, and a 
short column of the latter will support along one of the 
former. There are different methods of ImpregnatiDg 
the liquid with air ; one in particular is by forcing the 
air into the water by a bellows tlirough a. plate pierced 
■with a number of very Bmatl holes, Uke the cover of a 
sand bottle, or the rim of a gas burner ; the air thua 
enters the water in extremely minute globules, so that 
their buoyancy is insufficient to overcome the molecular 
force wliich attaches them to the particles of the water. 
All upright tube containing the water thua impr(^;iutted 
with air communicates wili a reservoir containing pure 
IvalGr J and the hquid in this upright tube will atand as 
much higher than llie water in the reservoir as pare 
#ater is heavier than the water surcharged with air. 
The reservoir answers the double purpose of supplying 
the water and pressing it up in the tube; for, ai it 
passes from tlie reservoir to the tube, it encounters the 
jets of air which chaise it. 
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(68.) The circumstances under wliich a solid will s 
rise, or be GUspended in a liquid, have been fully ex< 
plained in chap. iv. But these circumstAnces are in- 
sufficient to determine the exact state of the body with 
respect to motion or test. A body may be in equili* 
brium with reference to any perpendicular motion to- 
wards or from the surface of the liquid j that is, it may 
neither rise nor sink, but yet it may not be in a state of 
absolute rest. Again, to say that a solid rises or sinba 
in a Uquid with a certain force, does not describe ft* 
Mate with exactness : while it riaea or while it sinks, it 
may also have motions of another kind; such as motions 
in an obUque direction, or rotatory motions. To explain 
fuDy, therefore, all the conditions which affect the state 
of a solid immersed, all the parliculars here alluded to 
must be investigated. 

The motions of which a soUd body is susceptible 
may in general be reduced to two, viz. progressive mo- 
tion, and rotatory motion. In progressive motion, all 
the particles of the soUd are carried forward in parallel 
lines with the same speed ; in rotatory motion, the body 
remains in the same place, but turns round some point 
within it as a centre. Let A B C D, fig. 51., be a solid 
body, and let E F and E' F' be the directions of two 
forces acting on it in parallel and contrary directions; 
if these two forces be equal, it IB evident that they can- 
not give the body any motion in the direction E F or 
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in tbe direction WF^ ; for« since the forces are equal, 
there is no reason why the body should move in the one 
directioii rather than the other. Such a supposition 




wiHdMt iMC^aaEtly inTolre same distinction between lh€ 
two fbroee^ n^iereas no sach distinction exists. A f<»^ 
of a pound w^gpht drawing a body towards the north, 
and another fbrce of the same wdght drawing the samd 
b^dy towarda the south, eTidently cannot produce mo* 
tKNi in either of these directions. 

The efl^ of two sudi forces as are supposed to act 
iu,%« 51. will be to give the body a motion of rotation 
iu tW difectioa A B C D. 

Hut if the e<)ual f<»rce8, instead of acting in paralld 
tiiw«» %cted In the same li^t Hue, and in contrary direc- 
u<HM» Uwa they would be mutually neittraUsed^ and the 
bgjy NvouUl be kept at rest. 

If ilw t'OMea represented in^. 51. were unequal, then 
t^^ hgvly Mvoold receive a progressiTe motion in the di« 
*v\\u'a v^' tW ^re^oer fbree; but as a consequence of 
%K 'vHw*. ikg4 beiu^ in the same straight line, the body 
vvvx.Ut .U»^ ivv^^e a uKHioQ of rotation in the direction 
\ H V t K U %^«MdU be earned along in tibe direction of 
.K <>^v\a;Uh^ t^vv> juhI during its pr(^;re6s it would 

U, Vhvua^ wtw uutiHoal and contrary forces act not 
^ \i ^iU$^ ik^^^ tHAk vu iKe saH» ^iaft* ^^mbh i» vAasosssi 



will ensue, but tbe body mil] advance with a progressive 
molitni only according to the direction of tile prevailing 

These general merfianical principles being dearly un- 
derstood, ail the effects produced by the iinmcrsion of ■ 
wild in a liquid may be rendered easily intelligible. 

Let us suppose a Eolid body of any proposed figure 
itnmersed, whether totally or partially, in aUquid.' 

A downward farce equal to the weight of the aoUd is 
(fposed, as has been sliown in chap. v. by an upward 
fcrce equal to the weight of tbe liquid which the solid 
displaces. If either of these forces be greater than the 
olfaer, the body wiU have a tendency to rise or sink pro- 
pmrtioDiil to their difference; and if they be equal, the 
body will be in equiUbrium as to its ascent and descent 
in a perpendicular direction : but it still remains to be 
decided, whether the solid may not move in the liquid 
without either rising or sinking. 

To determine this it will be necessary to ascertain the 
exact directions of the two farces downwards and up- 
wards which act upon the body. 

Tbe downward force being the weight of the solid, 
acta in a direction pointing perpendicularly downwards 
ftom its centre of gravity.* The direction of tbe up- 
ward force is not, however, so obvious. It is to be 
eonddered that the liquid presses upon the solid exactly 
in the same manner as it would press upon the hquid 
whose place the solid occupies. Now it is certain, 
that if the space in the liquid, occupied by the solid, 
were occupied by the liquid which die solid has dis- 
placed, that liquid would remain at rest. Consequently, 
the downwaril pressure of that liquid would be neutral- 
iied by the upward pressure of the surrounding liquid> 
Therefore, whatever that upper pressure be, it must be 
equal 10 the downward pressure of tbe liquid displaced 
by tbe solid, and it nm»t act upward in the sam 
the latter acts downwrtrd. But it Is easy to perceive 
that the downward force of the liquid diB^^la,ce<L b^ th* 
• Cilt. Crt. Micbuila. eba^ix^ 
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•olid is equal to the weight of such liquid, and act* pei> , 
■pendicularly downwards from the centre of gravitj of ,' 
such liquid. Hence it is evident that the upward pret- 
eure which acts upon an immersed solid is equal to the 
weight of the Hquid displaced, and that it acts directly 
upwards in a line from the centre of gravity of die liquid 
so displaced. 

This may be also explained as follows : — Suppose the 
place which the aoUd occupies in ihe liquid to be filled 
bj an another solid of uniform density, and whose weight 
b equal, bulk for bulk, to chat of die liquid. Such a 
Bolid, as far as relates to any effects of weight or pres- 
sure, is equivalent to the liquid whose place it oc- 
cupies; and as that hquid would in its situation remain 
at rest, it will also remain at rest. Hence it appears 
that the upward pressure upon it must be directed in 
the same line as that in which ita weight is directed 
downwards ; but this direction is that of the perpendi- 
cular line passing through its centre of gravity. It it 
evident that the upward pressure against such a Eolid 
must be the same as against any other sohd, the im- 
mersed part of which occupies exactly the same place; 
and therefore it may be inferred generally, that the up- 
ward pressure is in the direction of a line drawn direcdy 
upwards from the centre of gravity of that part of the 
■olid which is immersed, the density of that part being, 
like the hquid, supposed to be uniform- 
Let A B C D be a solid immersed in a liquid, either 
partially as in jig. 52., or totally as in fg. 53. Let E 
be the centre of gravity of the solid, and let E' be the 
centre of gravity of the liquid which the solid displaces. 
The weight of the solid acts downwards in the direction 
£ F, and the pressure of the surrounding liquid acts 
upwards in the direction E' F'. These two lines are 
bod) perpendicular to the surface of the liquid ; they 
are in the vertical direction, and are parallel to each 
Other. It is evident from the posidon of ibeee lines, 
that whether die downward and upward forces be equal 
ar uoeqaal, ihej have a tendency to xoiifce '^t idcA-n- 
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Tolre or roll in the direction A D C B. If the down- 
ward and upward forcen be unequal, ibis rolling motion 
will be accompanied by an ascfiit or descent of the Eolid 
in the liquid, according as the upward or downwaid 



1 




force prednm!nat::s ; a.iA if llicy be tqualj i 
motion wiJ! accuiniiaity I'le ictolviiij; one. 




Let us now suppose ihe poait'on of the solid im- 
mersed to be such, that the poiiUs E and E' shall be in 
a straight hne perpendicular to the surface of the fluid. 
Iq this case [be point K may eittier be above E', aa in 
fig. Si. wad fig, 55,, or below it. In either case the con- 
trary forces upward and downward are directly opposed 
to each other, and have no tendency to produce rotation. 
The solid will in this case sink or rise according aa the 
upward or downwaid force predominates. 

If the imaersion be such in these cases that the liqnid 
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displaced is equal in weight la tLe solid, no motion 
whatever will take place, and tlie soliii will be in ab- 
Bolute equilibrium, neither risit^, einking, nor rolling. 

(69.) A Eolid immersed in a liquid may have severtl 
distinct positions of equilibrium, possessing all the va- 
rioua characters of stability, instability, and indifference, 

Fig. 54. 
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explained in Mecdanics.* It hns been just shown that 
whatever species of equilibrium the body may be Id, it 
is BD indispensahle condition, that the line drawn from 
its centre of gravity to the centre of gravity of the hquid 
which it displaces, should be perpendicular to the surface 
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of the liquid, or in other wonts, that it should be in the 

direction of a pluinb IJuc. 1 f [his be the case, the solid 

^^wiB be in equUihrium ; but to distinguish the peculiu^_ 

^HU&d of equilibrium in which it will be placed, '^J^l 

^^^bmaary to attend to other ctrcuvnetancet. ^^M 

^^^L Catl.CfC.Utchuiklt.'US.Mtll'q. ^^M 



If the figure and position of the solid be sucli, that 
upon a slight change of position, by which it still dis- 
places its own Vfeight of fluid, its centre of gravity takes 
a higher poiilion dian it had when in equilibrium, then 
the equilibrium will be stable ; because the centre of 
gravity having always a tendency to descend will retora 
to i(« former position, and will oeciltate from side to 
side of that position until the soUd, by its frictian with 
the fluid, at length attain a state of rest. Such is the 
character of stable equiUbrium. 

If the position of the solid in equilibrium is such that 
a slight disturbance, which still causes it to displace its 
own weight of liquid, will make the centre of gravity 
take a lower position, the body will not return to its 
former position of equilibrium, nor will it OBciUate from 
side to side of that position as in the former case ; for 
to do so it would be necessary that the centre of gravity 
should ascend, an effect which is contrary to its cha- 
racteristic property. 

The centre of gravity will therefore continue to de- 
scend until it gets into another position, such that the 
line joining it with the centre of gravity of the fluid 
which it displaces shall be perpendicular to the surface 
of the fluid. Any disturbance from this position must 
necessarily cause the centre of gravity to ascend, and 
therefore this is a position of stable equilibrium. 

The shape and position of the body may be such, 
that, whatever be the position in which it displaces its 
own weight of the liquid, the elevation of its centre of 
gravity will be the same : in other words, any motion 
which it may receive, allowing it still to displace its own 
weight of Uquid, will cause its centre cf gravity to move 
in a horizontal plane, and, as in this case the centre of 
gravity neither ascends nor descends, it will rest in 
equiKbrium in all positions. Such is the state of indif- 
ferent or neutral equiUbrium. 

(70.) If the solid be totally immersed, the liquid 
which it displaces wiU bu equal, both in shape and bulk, 
to the solid, and the centre of gravity of this hquid will 
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tlerefare be the Bome as the centre of graTity of the 
solid, if the latter have like the former a uniforra densilj; 
but if the solid be heavier in one part than in anoiber, 
which would be the case if diffirent parts were composed 
of different mitterials, then the centre of gravity of (he 
solid nill not be in general in the same place in vfaich 
it would be if the solid were of uniform texture, ind 
therefore will not coincide wilh the centre of gravity ot 
the liquid displaced. 

If the centre of gravity of the soli J have that Eitaatiim 
which it would have if the texture of the solid rere 
nnifonn, then upon total immersion the points marked 
B and B', in fig. 53., will be one and the same, and [be 
lines E F and B' P* can never be paraUel to each otbcr 
-whatever be the position of the body in the liquid, but 
will always be directly and immediately opposed. 
Hence the downward and upward forces, the directiou 
of whieb are expressed by those lines, can never act in 
such a manner as to cause the body to revolve, but can 
merely give it a tendency to ascend or descend in the 
liquid without any oilier change of poeition. If in thii 
case the weight of the solid be equd to that of it* own 
bulk of the hquid, it will be suspended in equilibrium 
in any position whatever when it is totally submerj^ 
In this case the solid, when totally submerged, is alwayi 
in a state of neutral equilibrium. 

If the centre of gravity of the solid be not in that 
utuaCion which it would have if the solid were of ■uu- 
form lesture, then its position will not coindde with 
that of the liquid whose place it occupies when totally 
iubmeiged. If the weight of the solid be equal to that 
of its own bulk of the liquid, there are in this case only 
two positions in which, when submerged, it wUl be in 
equilibrium. These are the positions in which the 
centre of gravity of the solid is immediately above and 
immediately below the centre of gravity of the liquid 
whose place it occupies. If tlie centre of gravity of ihe 
solid be immediately above that of tLe liquid displaced, 
)I is in Ihe highest position wUch ihe 
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the esse admit it to have, end therefore the least dia* * 
tnrlMDce must cause it descend, which it will continue 
to do until it takes the other extreme position in which 
it is immediately below the centre of gravity of the 
liquid displaced. The former, therefore, ia (he position 
of instable equilibrium, and the latter of stable equi- 
libritun. 

(71.) These Tarioue effects of total Eubmersion may 
be easily verified experimentally. Let a hollow brass 
baQ be provided viith a small wdght within it, movable 
by a screw, in such a manner that the centre of gravity 
of the ball may be made at pleasure, either to coindde 
with its centre, or to take other positions at any <Ustance 
bom its centre J and let the weight of the ludl be so 
adjusted that it shall be equal to the weight of IheUquid 
which it displaces. 

First, let the centre of gravity of the ball be so ad- 
justed as lo coincide with its centre. It is evident that 
it will thus have the £ame position as the centre of 
gravity of the liquid which it will displace. If the ball 
be now totally submerged in the liquid, it will be found 
that it will rest in any position whatever in which it ia 
placed; whatever point of the ball be presented down- 
wards will remain so. 

Let the screw be now so adjusted that the centre of 
gravity of the ball shall be at some distance from its 
centre, and let the ball be totally submerged. It will 
be found, if such a position be given to the ball, that 
its centre of gravity shall be immediately below its 
centre, the ball will remain steady in its position ; but 
if it be placed with its centre of gravity presented in 
•ny direction sideways, the ball wUl turn on its centre, 
and the centre of gravity will fall towards that podtion 
in which it is immediately nnder its centre, and the 
body will vibrate until the iriclion of the fluid reduces 
it to a state of rest. If the ball be submerged in such 
a position that its centre of gravity shall be immediately 
above its centre, then the ball will remain in equilibrium 
/or aa iogtaat while it sustains no diatui^ance ', ^'i. \U 
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will be Mtteiing and instable, and will rIihoH 
tmmeitiately be lost, anil che.ball will reverse its poutioD, 
Aroning its centre of gravity into the situation imine* 
lately opposite to that in which it was placed. 

(yi.) Bat the conditions of stabililj are of nraiJi 
greater interest and practical importance in their appli- 
cation to solids which are lighter, bulk for bulk, tlua 
liquids. In this case the degree of immersion wludi 
produces equilibrium i« always partial, and llie centre 
of gravity of the liquid displaced does not, as in the 
former case, coincide with the situation which the 
centre of gravity would have if the texture of the iidid 
were uniform. Therefore a solid of uniform teilni^ 
or having its centre of gravity in the same situatioa n 
one of uniform texture, will not float in eqnilibrinm in 
every position. It will only be in equilibrium when the 
centre of gravity of the liquid displaced shall be aibB 
immediately above or immediately below the centre of 
gravity of the solid. In this case the situation of ibe 
centre of gravity of the liquid displaced will depend OD 
the shape of the body, and the part of it which Is im- 
mersed. 

Of all the various positions which can be given Mt 
solid lighter than tlie liquid, in which it will displict 
its own bulk of the liquid, if there be one in which tha 
centre of gravity will be lower than in any of the otbeti, 
that one will be a stale of stable equilibrium, and it will 
be one which the body will always endeavotir to attain 
whatever other position may be given to it. 

The shape of a body may be such, that in whatever 
position it floats its centre of gravity will be at the same 
depth i such a body is always in a slate of neutral eqm- 
llbrium ; the least disturbing force will can&e it to change 
its position, and it will remain in any new position 
which may be given to it. 

Let the hollow brass ball already described have iU 
weight BO ailjusted that it shall be lighter, bulk for bulk, 
than water; and let the screw be moved until its centra 
of gravity roiucidea with ilie centre of tlic ball. From 



dw roiuid form of the ball it is evident ibat, in nhatever 
pOBtioli it is immersed, it will be at the same depth 
when it has displaced llE own weight of water. There- 
fore ita centre of gravity will in this case be at the same 
height or depth in every possible position in which it 
ciB Sou. It will be found, therefore, tlisC it ivill float 
on the water steadily in aoy position in which it is 
pbced; it will be in a stale of neutral equilibrium. 

Let the screw be now so adjusted aa to remove the 
centre of gravity from the centre of the ball, it will 
be found that it will only float steadily when the 
Oratre of gravity is immediately below the centre of the 
ball J it will turn from any other position, and settle 
itself ioto this. If it be placed so thut the centre of 
gravity ia directly over the centre of the ball, the equi- 
tibrium will be momentary, and upon the slightest change 
of position the ball will be overturned, and the centre i>f 
gravity will setde itself immediately below the centre. 

(73.) From these observations it will be apparent 
that any body, the parts of which have different weights, 
win only float steadily when the heavier parts ore im- 
meraed ; for the centre of gravity is alwaya siltuted 
nnong I*' ; or near them, and tlierefore when it has 
die lowest position tliese must also be placed in the 
lower parts of the body. 

A feat of dexterity has been exhibited by a person 
wiJJung on the turfacc of water, having inflated bladders, 
or some other bodies which are lighter, bulk for hoik, 
than water, attached to the feel. The body of the ex- 
hibiter is, in this case, in a state of instable equilibrium. 
Hia centre of gravity is directly over that of the water 
which he displaces, and hia skill consists in keeping his 
cetitre of gravity balanced in that poritlon. This feat 
may be facilitated by carrying a staff with an inflated 
bladder tied at the ctiil of it, by which three points of 
mpport may be occasionally commanded. 

For the same reason that buoyant bodies are in ihif 

9 attached to the feet, they are attached to the waist in 

J of lifo-prescrvcrs. TUdr position and mn^- 
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tode should always be regulated, so that the caicre of 
gravity of the bod^ shall be in the lowest positiau what 
^e person is upright. 

The weigiit of the sereral compotient parts of a ship 
and its cargo should always be so regulated that the 
centre of gravity of the whole should be ai the lowest 
possible point, nhen the ship is in the upright position. 

Hence arises the necessity of stowing the heaviest 
part of the cargo in ihe lowest possible positiooj and so 
that it£ centre of gravity shall be immediately over (be 
keel : in that case, any inclination of the vessel on aOta 
aide would cause the centre of gravity to rise, to ao> 
complish which would rcijuire the exertion of a farce 
proportionate to the weight of the vessel, and the hei^l 
through wliich the centre of gravity would be so dc- 
rated. When a vessel is without a cargo and empty, 
the weight of the masts and rigging might raiee the 
centre of gravity of the whole to such a height, u to 
render the equilibrium instable : hence in such cases it 
becomes necessary to introduce heavy bodies into tbe 
lower part of the vessel, to bring down the centre of 
gravity, and to give stability to tbe ship. Hence bodies 
used for this purpose are called ballast. 

The equilibrium of a boat may be rendered instable 
by the passengers standing up in it ; for, in this caw, 
tile weight of their bodies may place the whole in the 
game predicament as persons having bladders tied to 
their feet. The slighteat disturbance, under such cir- 
cumatances, would overturn the boat. 

If the poaidon of the centre of gravity of a vessel and 
her freight be not directly over tlie keel, the vessel will 
incline to that side at which the centre of gravity is 
placed ; and if lliis derangement be considerable, danger 
may ensue. Tlie rolling of a vessel in a storm may so 
derange (be position of a loose cargo, that the centre of 
gravity may be brought into such a situation, that the 
vessel may be thrown on her beam ends and irretrievably 
'osL 

irhen the centre of gravity is immediately over the 



keel, a side wind scliiig on the Eaili will indiiie the 
renel the opposile irtj ; tbu tncUiulion wgnld be mudi 
more conaderable, were il not thftt ihe weight of the 
veasd, acting at the centre of giaTitj, counleraclB it, and 
has a tendencj to restore tbe vessel to the upright po- 
sition. The serenl forces which maintain the Teesel in 
tbe inclined position prodaced by a side wind, may be 
iUusDated as follows : — Let A B, Jig. 56., represenl the 



I 




position of the vessel ; let S repreeent the point nl which 
the wind acts upon the sail, and let S W represent the 
direction of the wind : let E be the centre of gravity of 
the veeael and her cargOj and let E F be the direction in 
which her weight acts. 

Let E' be the centre of gravity of the water which 
the veeael displaces, and E' F' the direction of the up- 
ward pressure. Jf the effect of (he upward and down- 
ward forces at E and E' be considered for a moment, 
it will be perceived that they have a tendency to incUne 
the vessel to the Eide opposite to that towards which it 
is inclined by the wind. By the principles of the re- 
solution of force established in Mechanics *, the force 
8 W may be replaced by three others, two of which 
being equal, and directly opposed to the upward and 
dowQward forces at E and E', neutralise them ; and the 
third, acting parallel to S W, merely carries the vessel 
ddewaya perpendicular to its keel, producing what ia 
called lee-mas- 

Xn Huling vessels this sideward inclination is a matter 
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nparativcly alight importance, inuiiiuch u it tioei 
hot diminish the impelling power of the wind ; inil 
'tn ateam vesseU, in which sails are occasionally uiedi 
tt is attended with considerable loss of the impelling 
power, one of the paddle wheels being lifted out of die 
Water, and the other bdng almost, if not entirely, a&- 
merged. The upright position may, however, be g*- 
nerally maintained by the due management of monAb 
weights placed on the deck of the vessel. In nenn 
vessels, small carriages heavily laden with iron, illd 
furnished with wheels, are usually placed on the deck, 
and may be rolled from side to side, or placed in die 
middle, so as to regulate the position of the centre of 
gravity according to the way in which the vessel is iT- 
fected by the wind. By moving these carriages to ihe 
ride of the vessel against which the wind is directed, 
the centre of gravity is moved from over the keel toward! 
that aide. Let E, fig. 51., represent the place of th* 
Fis- 57. 



■e of gravity when ove 
die point to which the o 
hy moving the carriages I 



the keel, and let G reprewnt 
itre of gravity is transferred 
the side of the vessel ; let S 
te the point where die wind acts upon the sul 9 W ; 
the weight of the vessel acting at G, has a tendency to 
make it incline towards M ; and the force of the wind, 
the direction S W, has a tendency tomake 
itinSfe^towards L. These two forces counteract each 
ether, and tlie vesui maintains its upright position. 
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(7*.) In the preceding chapters we have had frequent 
occasion to compare the weights of iliff*erent boilies, bulk 
for bulk ; and not only in science, commerce, and the 
arts, but even in ordinary colloquial intcrcourEe, bodie« 
are denominatiKl heavier or lighter, according aa the 
weights of the same bulk axe greater or less. We say 
familiarly that lead is hearier than copper, and that 
copper is heavier than cork ; yet it is certain that quan- 
tities of lead, copper, and cork may be taken which have 
equal weights. Thus, let us suppme a pound of lead, 
a pound of copper, and a pound of cork, to be ascer* 
tained and aet apart; it is clear that these have equal 
weights, and that any two of them, placed in the ilishM 
of a balance, would maintain equilibrium. Yet still we 
do not cease lo declare that cork is lighter than copper, 
and copper lighter than lead. To perceive with pre- 
dsion what is meant in this case, let us suppose parcels 
trf any three distinct subElancea placed before us, such as 
quicksilver, water, and alcohol, and let it be proposed to 
ascertain which of these Uquids is the heaviest ; we shall 
take any measure of the quicksilver, and, having weighed 
it, afterwards weigh the same measure of the water 
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of ihe alcohol auccesuvely. Having found th&t the mea- 
wne of quicksiiver is heavier Uian that of vater, and 
■water than (hat of alcohol, we sball immediately conclude 
that quicksilver is a heavier liquid than water, and that 
water U s heavier liquid than alcahoL We shall form 
this conclusion, even though the whole quantity of alcohol 
under examination shall weigh more than the quantities 
of the water or quicksilver. 

It appears, therefore, that when the weights of Eub- 
stances are spoken of relatively la one another, without 
any reference to particular quantities or masseB of them, 
the weights meant to be compared arc those of equal 
bulks. 

A substance is sometimes said to be heavy or ligbl, 
apparently without reference to any other substance. 
Thus air is said to be a very light substance, and gold i 
very heavy one; but, in such cases, a comparison is tacitly 
instituted between the weights, bulk for bulk, of these sub- 
stances and those of the bodies which moat commonly 
fall under our observation. When we say that air il 
light, we mean that a certain bulk of air ia much lighter 
than the same bulk of most of the subatancea which we 
commonly meet with ; and when we say that gold ia 
heavy, we mean that any portion of that metal is heavier 
than a portion of the same dimensions of the most 
ordinary substances that we meet with. Thia familiar 
use of a positive epithet to express a comparison between 
any quaUty as it exists in an individual instance with a 
similar quality as it exists in the average of ordinary 
examples, is very frequent, and not confined to the case 
just alluded to. We speak of a very tall roan and a 
very high mountain, meaning that the man or mountain 
in question have much greater height than men or mouD' 
tains commonly have. A man of twenty years of age is 
said to be a very young man, while a horse of twenty 
years of age is declared to be a very old horse, becauae 
the average age of man is mucli above twenty, and the 
■verage ^e of horses below it. 

From what has been now explained, it appears that 
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the teriD waghi is applied in too disdnct, ind some, 
times opposite tensts. A mass of cork may Iutc any 
BssigiiBble wei^t, aa 100 ions. This wei^l ii trulj 
said to be considerate, md the mass is correctly nid 14 
be heacg; but jet the cork which composes the mass ii 
K«jd, with equal tmlh and propriety, to be a light sub- 
stance. 

(73-) These two irajs of considering the weight of a 
body may be denominated absolute and rtlative. The 
absolute weight of a body is that of its whole mass, 
without any reference to its bulk i the relative weight 
is the weight of a givm lusgnicude of the substance 
compared with the weight of tlie same magnitude of 
other Bubslances. The term weight, however, is com- 
monly used to express absolute wdghl, while the rel«ti»e 
weight of a body is called its tpecific gravity. 

The origin of this term is obvious. Bodies which 
differ in other qualities ate found also to differ in the 
weights of equal volumes. Thus a cubic inch of nt- 
mospheric air has a weight different from a cubic inch 
of oxygen, hydrt^n, or any of the other gases. The 
ntunber of grains in a cubic inch of gold is different 
from the number of grains in the cubic inch of platinum, 
silver, or any of the other metals. A cubic inch of water 
contains a number of grains different from a cubic inch 
of sulphuric acid, alcohol, or other liquids. Hence it 
appears that the weight of a given bulk of any substanee, 
being different from the weight of the same bulk of other 
sabatances, may he regarded as an index or test of its 
tpeciet, and by the weights of equal bulks bodies may 
be separated and arranged in fprcien. Hence the term 
tpecific weight, or specific gravity. 

(76.) When bodies are to be compare)!, in respect 
of any common quality, a standard of comparison be- 
comes necessary, in order to prevent an express refe- 
rence to two bodies in every particular case. Thus, 
if we would express the height of any body without 
some standard measure, we could only do so by declar- 
ing it to be so many times as high, or bearing such % 
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:□ the height of aome other body. But. 




yard, being known lengtlis, it if 
state that the height of the body is i 
many yards. In like manner, if we 
specific fcravity of lead, we should si 
a proportion to the weight of s 
weight of a certain hulk of which i 
one substance be selected, to which, u 
others shall he referred, then the specific gravity of an; 
substance may be expressed simply by a number whicfa 
has the same pioportian to one or \be unit as Uie wdght 
of any hulk of the substance in question has to the weight 
of an equal bulk of the standard substance. 

The body selected as the standard or unit of specific 
graTJty shrnald be one easily obtained, and subject m 
little as possible to variation by change of circum- 
stances or situation. For this purpose water possesset 
many advantages; hut, in deciding the state in which it 
Is tcbe considered as the standard, several circumstances 
must be attended lo. 

First, The witter must be pure, because tlie adraut- 
ture of other substances wUl afffect ihe weight of » givrai 
Tolume of it; and since at different times, and in different 
places, water may have dilftrent substances wixed with 
it, the standard would vary, and therefore the specific 
gravities of substances ascertained with reference to it at 
difierent times and places would not admit of compansoo. 
Thus, if the proportion of the weight, bulk for bulk, of 
gold to the weight of the water of the Sane were ascer- 
tained at Paris, and the weight of another specimen of 
that metal relatively to (he water of the Thames were 
ascertainetl at London, the specific gravities of the two 
portions of metal could not be inferred unless it were 
previously known that the water of the Thames and 
file water of the Seine were composed of the same ingre- 
dients, or if not, that their relative weights, bulk for 
bulk, were previously determined. That the standard 
'.Iberefore may be invariable, it is necessary tliat ail s 
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Anccs which may be combined with the inter shall be 
esirieaied. 

Such heterogeneona matter as may be Buspended in t'le 
Uquid in a EoUd stale may be disengaged from it by 
fUtTBtion ; that is, by passing the hquid through a soUd 
wbctfUlcc whose pores are smaller than the soUd impU' 
ittira U> be extricated. If any substances be held in 
mlutian by the water, or be chemically combined with 
it, tbey may be disengaged by distillation; that is, by 
itidng the temperature of the liquid to a point at which 
the water will pass olFin vapoar, leaving the other sub- 
nances behind; or, if those other substances vaporise at 
• lower healj they will pass off, leaving the water behind : 
is either case the water will be separated from the other 
bodies with which it is combined. It is evident that 
this Jatter process of distillation also serves the purposes 
of the former one of filtration. 

Secondly, The water being thus obtained in its pare 
MUe, and free from adniiKture with any other substance, 
it is to be coDBidcred whether there be any other cause 
wfaidi can make the same bulk of the liquid wdgh dif- 
ferently at different times and places. We have already 
more dian once alluded to the way by which bodies are 
afficted by changes of temperature. Every increase of 
temperature, in general, produces an increase of btdk, 
and therefore causes a given volume, as a cubic inch, to 
wdgh less. Hence, in comparing the weights, bulk for 
bulk, of any substances at different times or places with 
the weight of pure water, the results of the investigatjoa 
would not admit of comparison unless the different states 
of the water with respect to temperature were distinctly 
ImowD. In addition, therefore, to the purity of the 
water taken as a standard, it is expedient that some fixed 
temperature be aiiopted. It has been already explained 
thai water, as it decreases in temperature, also contracts 
its dimensions until it attain the temperature of about 
40°; it then again begins to expand: at this tempera- 
ture of 40° it is therefore in its least dimensions, and it 
is known that when the water is pure, its ttUe it tlu« 
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tenitierature is independent of time, place, or other cir- 
sCances; it is the same at all parts of the earth, 
under whatever circumslani^s it may be Hubtmcicd 
to experiment. 

The temperature at which pure water has its dimen- 
>iis most ootitracted is called the etate of grealeat ooo- 
deneation, because then the mass of the liquid is rednnd 
to tlic amalleat possible dimensions, and its panicles blTC 
the greatest possible proximity. 

Tiie weight of a given hulk of distilled water in ibe 
stAte of greatest condensation is, therefore, the standitd 
of specific gravity. 

As it may not he always convenient to obtain water it 
this temperature, when experiments on specific gnvily 
are to he made, numerical tables have been constmcKd 
expressing the change of weight which a given bnlk at 
water eustains with every change of temperature; w 
that when the specific gravity of any substance has been 
found with reference to water at any proposed tempn*- 
ture, it may be reiluced by a Himple process of aiilb- 
metifl to that which would have resulted, had it been 
compared, in the first instance, with water at the tem- 
perature corresponding to the state of greatest condeu* 

(77.) If the bulk of 1000 grains of pure water •, it 
the temperature of 40° of Fahrenheit's thennometer, be 
ascertained, the number of grains in the saine bulk of 
any other body will cKpress its specific gravity, that of 
water being 1000 ; or if the specific gravity of wUer 
be expresad by 1, the specific gravity of other EnbgtafMB 
will be expressed by a thousandth part of ibe fimMS 
numbers. This only requires that three decimal piMCi 
should he taken. Thus it is found that a volume of 
gold, equal in bulk to 1000 grains of water, weigbi 
19,950 grains. Therefore, if 3000 be the spe^ 
gravity of water, 19,350 will be that of gold; or if I 
be the specific gravity of water, the thousandth puttf 

B *• innperitute of BD" wWalu, w: ' 
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19,250, which is 194, "iU ^ the specific gravity of 
gold ; which, expresBcti by the deciniKl notation, jg 
19'250. A vegsel which mould be filled hy a tliousand 
grains of water would contun 19,250 gr&ins of gold. 

Bodies which exist in the gaseous or aeriform state 
are so much lighter than water, that it is generally found 
expedient to refer them to another standard, which has 
a known reladon to water : their specific gravities in 
relation to water would be expressed by numbers incon- 
Teniently small. The standard usually selected for bodies 
of this form is atmospheric air ; and to it the specific 
gravities of all bodies in the gaseous, aeriform, or va> 
porous state are referred, in the same manner as bodies 
in the EOhd or liquid are referred to water. 

ObservationB respecting tliis standard of gaseous sp^ 
cific gravity may be made similar to those already given 
respecting the Bquid standard ; but, in the delerminalioo 
of the specific gravities of gases, there are many circum- 
stances to be attended to of too deUcate and complicated 
a nature to admit of being explained with any degree of 
detail in a treatise designed for popular use. We shaU, 
however, notice some of them slightly as we proceed 
with the subject. 

Atmospheric air is still more susceptible of changes in 
its volume, arising from change of temperature, than any 
bodies in the Uquid or solid form. It is, therefore, the 
more necessary in fixing the standard, that the tempera- 
ture should be settled. The temperature which has been 
■elected for this purpose Is that of melting ice, which 
corresponds to 32°, or the freezing point of Fahrenheit's 
therm omeler ; this being a point which is independent 
of the arbitrary divisions of thermometers in different 



The only cause which can affect the dimensions of a 
given weight of pure water is the temperature to which 
it is exposed. Although it is not absolutely incomprea- 
uble, nor inelastic, yet it will undergo no sensible change 
of dimension by any change of pressure to which, under 
ordinary circumstances, it is liable. Therefore, in fixing 
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flie state ta which it is to be regarded as a standard of 
■pedfic gravity, all variaiion of external pressure is di>- 
leganled. The case is, however, altc^ther difierent 
with atmospheric ur, which is Genaihly affected in iu 
dimeiisioDs even by the slightest change in ext«nul 
ptessurB, While ttie temperature of this fiuid rematin 
the same, the dimensions which a given weight of it 
occupies may be subjeet to changes, ^most without anj 
assignable limit, and independently of any change of 
temperature. To fix the state of atmospheric air in 
which it shall be considered as a standard of specific 
gravity, it is necessary to declare the amount of the 
pressure to which it is subject. The pressure selected 
by Biot, who has investigated the specific gravities of 
gases with great success, is one which is equal to iba 
pressure of the atmosphere when the barometer itanA 
at six hundredths of an inch below 30 inches.* 

The weight of atmospheric air and other gases b iIm 
afibcted by the quantity of moisture which they hold iia» 
pended. An instrument, called an hygrometer, has bHB 
contrived for the purpose of showing the relative stale of 
gases with respect to tliis moisture. A due attentian U 
the indications of this instrument is therefore also im- 
cessary to settle the state in which atmospheric air is to 
he regarded as the standard. 

Thestateof the standard being then settled, the ditneu- 
dons of 1000 grains of atmospheric air are determined. 
The number of grains, and fractions of a grain, of any 
other gases filling the same dimensions, will express that 
specific gravities, that of the standartl being 1000. Id 
order to ascertain the specific gravity of any gas with 
reference to water, it is only necessary to consider the 
specific gravity of the standard, atmospheric air, in re- 
fo^nce to water. A portion of the former, equal in bttlfc 
to 1000 grains of the latter, will weigh one grain end 
22 hundredth parts of a grain. 



(78.) From all thai hits been explnined, there are 
■ereral inferenoes which may be made respecting the 
relalioQ between the weights and bidlis of bodies, whidi 
nill be fband useful in all investigationG wliich relate to 
epecific gravity. 

If two bodies have ei^ual magnitudes, their absolute 
weights will be in the same proportion as their specific 
gravities. Thusj suppose a certain bulk of copper weighs 
7600 ounces, and the same bulk of brass weighs 7824 
ounces, then the specific gravities of the two metals will 
be in the proportion of these two numbers, because bath 
are related to the same standard, viz. water ; and, in 
fact, the magnitude of 1000 grains of water is equal to 
that of 7600 grains of copper, and to 7S24 of brasa. 

If two bodies have equal absolute weights, tlien their 
specific gravities will be in what is called the inverse 
proportion of their magnitudes; that is, the body which 
has the greater magnitude will have a specific gravity as 
much less than the other as its magnitude is greater. 
Suppose A and It are two bodies of equal weight, the 
dimensions of A being twice those of B. If A be di- 
Tided into two equal parts, each will have a bulk equal 
to that of B, and therefore the specific gravities of the 
two bodies will be in the same proportion as the weight 
of half of A is to the weight of B. But the weight of 
B is equal to the weight of A, and therefore the specific 
gravity of A is in the same proportion to that of B as 
the weight of half A is to its whole weight. Hence the 
specific gravity of A is half the specific gravity of B, 
while the dimensions of B are half the dimensions of A. 
Thus the dimensions and the specific gravities of bodies 
are oppositely related when their absolute weights are 
the same. 

From the two properties just explained, it appears 
that the specific gravity of bodies may be ascertained 
dther by determining the exact dimensions of quantities 
which have equal weights, or the exact weights of quan- 
tities which have equal dimensions. 

(79-) It has been seen that the specific gravity of 
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be, Ihej tie not tnihin ihe sphere of sensible obaervatioa, 
nor c>.n their niuobe' or magnitude under say circuni> 
stances be aac^naiiied. In a strictly scientific senie, & 
term ilenuty can be regarded as scarcely diflerenl fnni 
Bpecific gravity. A body ii more or less dense when t 
given volome of it containa more or less ponderous mal- 
ter, and it is unifonnly dense nben equal magnitudes of 
it, however small, in every part of its dimensions hart 
equal weights. When any body sufi^ & change of <£• 
roensions, either by external pressure, or by the efiktl 
of heat, since it etUl containa the same quantity of pon- 
derable matter, its density must be increased in the mm 
proportion ax its bulk is diminished, or vice vend, hi 
whatever sense the term density be used thiK ii obviooi; 
for if it be supposed 10 refer to constituent pardeles, a 
atoms, it is evident that the same particles exist in the 
different stales with a grcster or lesser quantity of space 
between them. 

If the term density be applied to bodies of diSbcM 
lands, such as silver and gold, it can only he used with 
strict propriety synonymously with specific gravity. If 
it have any reference to the proximity of constituent 
particles, and in that sense the density of gold be decUied 
to have the same proportion to tliat of silver u Ibe 
weights of equal magnitudes of theee metals, it will be 
evidently impUed, that the ultimate constituent particla 
of the gold are equal in magnitude to those of the diver, 
hut that nineteen particles of the former is included 
within a space equal to that which contains only teo 
particles of the latter; these numbers being takoi to 
represent the specific gravities of those metak. Tht 
hypothesis on which such conclusions as this are founded 
ie not necessaiy in physical investigation ; and, indeett 
the term density is rarely used, except when it is applied 
to the same body when subject to a variation in its dl- 

(81.) In the effects produced by the imniennait of 
solids in liquids we find many relations developed k 
twecn the weights and bulks of the wdids and o' 
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liquids in wlijch tliey arc immersed. Such eAects, 
ibeiefore, have s RecMBory connection with the ipecitic 
gratities of Hiese classes of bodies ; and when properly 
examined. It will be found that they will lead directly to 
practical methoda of ascertaining the specific gravities 
of bodies, both in the solid and Hquid state. 

It has been shown that a soUdj heavier, bulk for bulk, 
thsn a liquid, will mik in the Uquid, and that its appa- 
tent weight when immersed will be less than its true 
weight, by the weight of the liquid which it displaces. 
As the weight of the solid, and the weight which it 
loses by immersion, are the weights of equal magnitudes 
of the solid and liquid, they will be proportional to their 
speoiSc gravities. Hence we infer, 

1. That a soUd will sink in any liquid which is spe- 
cifietlly lighter than it, 

fi. That the specific gravity of ihe solid hears to that 
of the liqtud the aamc proportion as the weight of the 
solid bears to die weight which it loses by immersion. 

(83.) If a solid be lighter, bulk for bulk, than a 
liquid, it will float on the surface, dlsplaciug as much 
liquid as is equal to its own weight. It has been proved 
that when bodies have equal weights, their specific gra- 
vities are in the inverse proportion of their dimensions. 
(78.) Hence we infer, 

1. Tliat a solid wiU float oa tlie surface of any liquid 
which i* specifically lighter than il, 

2. That the specific gravity of the solid bears to that 
(if the liquid the same proportion as the part of (he soUd 
immersed bears to its whole dimensions. 

{83.) It has been proved that if the weight of a solid 
be equal, bulk for bulk, to that of a liquid, it will remain 
»uap«nded when totally immersed, neither rising nor 
sinking. Hence it appears that this phenomenon is an 
indication lliat the specific gravities of llie solid and 
liquid are equal. 

(84.) If the same solid be Buccessively immersed i 
""' at h'quids which are specifically h'ghtcr than it, the 
s vehich it wUl iose by ii 
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e heights of the sarfaces O and W, of die two liquids 
above the level of the suiface S at which thej meet, are 
invetsely as the specific gravities of the liquidE. Thm 
if S O be oQ, and S B \V" be water, then the specific 
gravity of water will bear the same proportion to ihe 
specific gravity of oil, as the height S N bears to the 
height P M. 

(89-) The methods of practieaUy deterraiaing the 
specific graviiies ijf boiUes depend upon the properties 
which have been just explained. The details most, 
however, be different for difil-renc bodies, and must be 
suitable to their pecuUar forms and properties. 

The specific gravity of a solid which is not soluble in 
water, and which is specifically heavier than that Uqiml, 
may be determined by observing the weight which it 
loses by immersion. The proportion which this weight 
bears to the actual weight of the solid will determine the 
specific gravity. 

E^-ample. — A piece of pure gold, cast and not ham- 
mered, weighing 77 grains, is immersed in water, and 
is observed to wei^only 73 grains ; it therefore foUows, 
that it displaces i grains of water. The proportion, 
therefore, of the weights of equal magnitudes of the me- 
tal and the water is 77 to 4, or 19k '° I- Hence 10} ib 
the specific gravity of gold, 1 expressing the spedfic 
gravity of the standard liquid. 

Example. — A piece of flint glass, weighing 3 ounces, 
is immersed in pure water, and observed to wei^ only 
3 ounces. Hence the weight of the water which is liia- 
placed is 1 ounce. The specific gravity of the glan i* 
therefore 3. 

(90.) If the solid be soluble in water, thia metliod can- 
not be practised. In this case the solid may be de&ndfd 
from the water by a rarniiih, or a thin coating of wix, tf 
some other enhstance not affected by the water. Hw 
' specific gravity of salts and hke substances maj be thu 

Ifiiand. As, however, thecoatingusedin thiscaseprodnHs 
In increase of bulk, the sohd, when immersed, will displace 
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more than its own bulk of vrater. The weight of ihe 
solid, if ascertained without the coating, will bear a lees 
proportion to the loss of weight than it does to its own 
bulk of water ; and tlierefore the specific gravity obtained 
from such an experiment would in this case be loo 
Email. But if the weight of the Bob'd be ascertained 
after the coaling is pul on, then the specific gravity 
which is obtained i« cot the specific gravity of the soUd 
but of the solid and coating together. Where great ac- 
curacy is not required, the effect produced by the coating 
may be neglected; but if tile result is to be obtained 
with a high degree of accuracy, the following method is 
preferable: — Find the proportion of the specific gravity 
of the Eolid to that of some liquid in which it is not so- 
luble, and wbioh is speciiically lighter than il. This 
may be done by oheerving tlie weight of Ihe solid and 
the weight which it loses hy immcreion. Then find the 
specific gravity of that liquid with respect to water by 
the method which shall be hereafter explained. 

If the solid consist of many minute [Heces, or be in 
the form of powder, a cup to receive it ought to be pre- 
viously suspended in the water, and accurately counter- 

(91.) To determine the specific gravity of a solid 
lighter than water, let the part immersed when it floats 
on water be observed, the proportion which this bears to 
its whole magnitude will be rfiat of its specific gravity 
to the specific gravity of water. (82.) 

The proportion of the part immersed, when the solid 
floats to its whole bulk, may be ascertained In the fol- 
lowing manner: — Let the vessel which contains the water 
have perpendicular sides, and be as nanon as the mag- 
lutude of Ihe soUd will admit. Let the point on the 
vessel which marks the surface before immersion be 
observed. Let the point lo which the surface rises, 
when the solid floats, be nest observed ; and, finally, 
let the solid be totally submergeil, and the point to 
which the surface then rises observed. The elevations of 
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tlie Guriace produced by the partitl ant) total submi 
iadicste the portions of [he solid in eaeh case immi 
and arc therefore iu the ratio of the specific graiity of 
the solid to that of the liquid. 

There is another method of ascertaining the epecitic 
gravity of a solid lighter than water, which ought to be 
noticed here. Lee the solid whoae specific gravity U to 
be ascertained be attached to another which is beoTier 
than water, and of such a magintude that the uniml 
weights of the two will be greater than the weight of 
water which they displace, ihey will therefore sink when 
immersed. The weight of the whole being observed, 
let the weight which thej lose by immersion be noted ; 
this will be the weight of as much water as is equal in 
magnitude to the united bulks of the solids. Let the 
lighter solid be then detached, and let the weight which 
the heavier loses by immersion be ascertained ; this wlD 
be the weight of as much water as is equal in bulk to die 
heavier solid. If this loss of weight be subtracted from 
the loss sustained by the combined masaea, tlie remundec 
will be the weight of as much water as is equal in bulk 
to the lighter soUd r the proportion of the weight of the 
lighter solid to this will determine its speciSc gisrity. 

(9S.) There are several methods by which the spe- 
cific gravities of liquids may be found. 

If a solid specifically heaviel' than water, and also spe- 
cifically heavier than the liquid whose specific gravity is 
to be determined, be successively immersed in water and 
in that liquid, the losses of weight wO be proportioiial 
to the specific gravities of water and the liquid. If the 
Dumber expressing the loss of weight in the liquid be 
divided by the number cxpreBsing the loss of wdght in 
tlie water, the quotient will express the specific gravity of 
the liquid. 

Example. — A piece of glass, immersed in sulphuric 
acid, is observed to lose 3700 grains of its weight. The 
^^ some solid, immersed in water, loses 2000 graios ; heufl^^ 
^^tjhe proportion of the specific gravity of the >u]plii|^^| 
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acid to ihe speciSc gravity of the irater ia that of 37 to 
go, or of 1850 to 1000 : therefore if 1000 express the 
speciHc gTavity of water, 1850 will express that of sul- 
phuric add. 

The specific grsTity of a liquid may alao be found by 
means of a solid which is specificaUy tighlet than it, 
the same aohd being also specifically hgbter than water. 
Let the solid fioat successively on the two liquids, and 
observe the magnitudes of the parts immersed, which 
may be done by observing the change of level if the ves- 
sels containing the hquids have equal bottoms and per- 
pendicular aides : the parts immersed will be invenely 
as the specific giavitieE. (85.) 

Example The same soUd floats successively on 

water and muriatic acid, and the proportion of the parts 
immened is observed to be that of 10 to IS. Hence the 
specific gravity of muriatic acid is 12, that of water 
being 10. 

(93.) The spedfic gravities of liquids may be ascer- 
tained by observing the wdghts of two different sohds 
floating on their surfaces with equal parts immersed. In 
this case the specific gravities will be proportional to tjie 
weights of (he coUds. But perhaps the most direct me- 
thod of determining the spedfic gravities of bodies, aa 
well in the hquid as in the gaseous state, is by actually 
weighing them in a flask or bottle of known magnitude. 
Let such a one be provided with a stopper which nicely 
fits it, and let it be filled with pure water and weighed, 
and subsequently filled with any other fluid and again 
weighed ; if the weight of the flask be exactly known, 
the wdght of ita contents may in each case be found. In 
this manner the weight of air may be determined by 
weighing the flask first filled with air in the ordinary 
state, and, subsequently, after the air has been abstracted 
front it, by the air pump, an instrument which will be 
explained in a subsequent part of lliis volume. It ia 
thus aacertained that a cubic foot of common atmo- 
spheric air weigha about 627 grains. This weight. 
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bowever, flui;taateB from causes already aUnded to, ud 
irilich will heresfur be ftiUy explained. 

The empCj flask may in like manner be filled widi in; 

ler species of gas, and its weight relativel]' U> thaC of 

' may be at once delermined. 



InstrumenU fiir the practical 
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(94-) The form and ( 
determining specific gravitteB, vary according to die de- 
gree of accuracy required in the remiltB, and accwdiag 
to the nature of the bodies to which thej are intended to 
be applied. In scientific investigations, where the nuM 
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extreme accuracy i> sought, the mcaHUreroeni of spcciHc 
snTities is effected hy a very sensible balance fuiiiished 
.with certain oilditions, and mounted ia a manner f~°" 
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which it has received the name of the hi/droHatie 
balance. 

A front view of the hydrostatic balance is repre- 
sented in^. 59. and a side view in Jig. 60. The cor- 
responding parts being marked by the same lettera. A 
jnllar A B fixed in a stand C D, supports (he instrua 
ment. On the stand, placed in a horizontal position, is 
a screw S, which turns in a fixed nut at T. TWs 
screw is terminated by a hook, which holds the loop of 
a silken string, the two parts of which passing in the 
grooves of wheels or rollers at P are carried from thence 
to the top of the pillar, and there pass over the grooves 
of rollers at R, and their extremities finally support a 
horizontal arm at E. To Che centre of this arm e a 
very nice balance is suspended : beneath the beam of 
this balance are placed rests, at m, so that when the 
beam is not in use, by turning the screw S, it will be 
allowed to descend upon tlie rests ; and the knife edges, 
OD the accuracy of which the sensibility of the instru- 
ment depends, will be reUeved from pressure. The 
board G H, attached to the pillar immediately below 
the di^es, is movable on the piUar, and may he fixed 
in any position by means of an adjusting screw ; also 
the nut in which the screw S turns is capable of being 
moved towards or fi-om tlie pillar, so as to raise or lower 
the balance, in a greater degree than would he allowed 
by the play of tlie screw S. Thus the balance and all 
its acoompanimenta may be raised or lowered at plea- 
sure. To the centre of the ixitlom of the dishes hooks 
e d ate attached, from which brass wires are suspended, 
which pass freely through holes in the board GH, At 
the lower ractremitieB of these wires are hooks ft and g. 
To the hook J a graduated rod gk is Buspended, which 
bIec lerminates in a hook at k. The rod g k bears a 
■cale of equal divisions, an index N O turns on a rod 
M N with a horizontal motion, and may be applied to 
the scale g k or may be removed at pleasure; this in- 
dex may be also moved upwards and downwards by 
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of a screw M, viliich plays in a nut in the bondi 
[. A brass ball of about J of an inuh diamclct, 
is GUBpendeil from k, by a brasa tvire k I, of slid) t 
thickness that unc inch of it will displace half a gnia of 
water. From the hook h a glass bubble • is suspended 
by a hone-hair. The braes ball and the glass bubUe m 
so st^uated that they will hang about the middle of tbe 
glass vessels X Y, in the ordinary position of the ba- 
lance. If the dish c preponderate, the wire ft J will 
r' "Dme more immersed • and for every inch it sinks. Hie 
ght which draws dowa the dish c will be dim' 



Fig. 59. 



Fig. 60. 




to the amount of half a grain, that being the weight which 
an inch of the wire loses by imtnersion. In like manner 
if d preponderate, the mire k I wUl be drawn up ; and 
for every inch which is raised above the surface of 
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viater, an additional weight of half a grain will act upon 
ihc dish c. 

- Now fiuppoEe the bnlance bo adjusted that its tongue 
points directly upwards at e, and that the heam a b ia 
dierefore horiiontal ; 1ft the index N O be fixed at the 
middle point of the scale g k by means of the screw M. 
Suppose the scale g k so lUvided, that its middle point 
will be marked zeroj or ; and let each half of il, being 
two inches long, be divided into a hundred equal parts, 
being numbered upwards and downwards from the mid- 
dle point. Let the substance to be neighed be placed in 
the dish c and let grain weights be placed in the dish 
rf, until the number of grains nearest to its exact weight 
be found. Thus, suppose that it is found that 65 
grains are insufficient to support the diali c, but that 66 
grains cause the dish d to preponderate ; the exact 
weight of tlie substance is, tlierefore, more than 65 
grains, but less than 6Q grains, and (he object is to de- 
termine by what part of a grain the true weight exceeds 
65 grains. Weights to the amount of 6^ grains being 
placed in the dish d, the dish o will slowly descend ; 
the wire k I will consequently become more deeply im- 
mersed in the water, and for every inch which sinta the 
weight of c will be diminished by half a grain ; and 
therefore for every division of the scale which passes the 
index N O, the dish c will loose weight (o the amount 
of the hundredth part of a grain. When the loss of 
the weight thus sustained by the dish c amounts to as 
many hundredth parts of a grain as the weight of the 
substance in the dish c exceeds fis grains, Ihe beam will 
remain in equilibrium. When this takes place, there. 
fore, it is only neceasary to observe the number of the 
division at which the index N O stands ; that number 
will express the hundredth partsof a grain, by which the 
weight of the Eubstance in the dish c exceeds 65 
gTMns. 

The weight might in like manner he ascertained by 
placing 66 grains in the dish d, and fay causing it ta 
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^^^r preponiIera.Ce. In this case the wire k I wooM in r 
^^^ drawn from the water, and for every dlTition of th \ 
scale g k which would pass the indev N O, the bun- 1 
dredth pitrt of a grain would be added to the dish t; I 
when thediEh d would cease to descend the namhaeS 
die scale marked by the index would express the nmo- 
ber of hundredth partsof a grain by which the wei^ of 
die substance in the dish c falls short of 66 grnica. 

The effect produced by the immersion of the horte- 
hair from the hook h is here neglected, because (be 
weight of the water, which a amall portion of its lenglh 
displacee, does not exceed a fraction of a grain mudi 
Bmoller than any weight here taken into account. 

The weight of the subetance being thus ascertained in 
air, it ia next ascertained in a similar manner by immei' 
rion in the jar V, and the loss of weight in water it 
thus obtained. The specific gravity may thence be in- 
ferred as explained in (89.). 

To prevent tlie adhesion of water (o the wire itJ il 
is previously oiled, and the oil gendy wiped off, so as to 
leave a thin fihn covering the wire. 

If the body whose specific gravity is under invest!- 
gadon be a liquid, it must be contained in a glass vessd, 
carefully stopped, and completely filled. The weight of 
the glass vessel, empty, is first ascertained by the ba- 
lance, and then its weight, when filled with water, and 
immeracd in water ; by this means the wnght i^ the 
glass will be accurately ascertained, and also the wei^t 
which the glass loses by immersion in water. When the 
bottle is filled with the liquid, the weight of the bottle 
ia ascertjuned, from which the weight of the glass bong 
subtracted, leaves a remainder which is the exact weight 
of the hquid. The bottle filled with the liquid is now 
weighal, immersed in water, and the loss of weight is 
observed. From this toss, let the loss of weight (us- 
(ained by the glass alone be substracied, ond the rt« 
mainder will \te the weight of a quantity of wati-r «jua 
"li bulk to the liquid contained in the botde. The spe> 
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aSe gravity of the liquid may thence be immediately in- ' 
feired in the same manner as if it were a Hilid. 

(95.) The apparatus and procease* which have been 
jtist explained are adapted to give results of that ex- 
treme accuracy which is necessary for the purposes of 
science. With such views, the complexity and expense 
of apparatus, and the time, skill, and attention required 
for delicate manipulations, are matters of small import- 
ance compared with the attainment of exact results. 
But when specific gravities arc to be ascertained for the 
ordinary purposes of commerce or finance, means of a 
more simple character must be resorted to, the use of 
which is attended with more expedition, and requires 
less skill in the operator. Jn such cases a degree of 
accuracy, exceeding a comparatively wide limit, is alto- 
gether unnecessary ; and even though superior instni- 
ments were available, their results would not be more 
useful than those of a leas degree of sensibility. 

Various forms of instruments, usually called hydro- 
meters, have been proposed for ascertaining the specific 
gravities of substances, and more particularly of liquids, 
for tlie ordinary purposes of commerce. The indications 
of these instruments all depend upon the fact, that a 
body, when it floats in a liquid, displaces a qiiantily of 
tlie liquid equal to its own weight. Their accuracy depends 
iipou giving them such a shape, that t1)c part of them 
which meets the surface of the liquid in which they 
fioat is a narrow stem, of which even a considerable 
length displaces but a very small weight of the hquid. 
Thus any error in observing the degree of immersion 
entails upon the result an effect which is inconsider- 
able. 

The principle in all such instruments being, in the 
main, the same, it wdl not be necessary here to enter 
into farther details upon them than to describe the form 
and use of two or three of the most remarkable. 
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die solid be now placed in the lower dish E, and, as 
lore, let weights be placed in the dish A B, until 
instrument again ainlcs to the point marked on the t 
T. These weights, together nith the weight immerMd 
In the waler, will tnie up 1000 grains. If, ihere- 
fbre, they be subtracud from 1000 grains, the n- 
msinder will be the weight of the Eolid in water; 
having obtained lis weight in air and in water, iu 
specific gravity may he obtained as in a former in- 

The wire which supports the dish A B in thii imln- 
ntent is so thin, that an inch of it displaces only the 
tenth part of a grain of water. The accuracy of in 
reaulta depending, therefore, on the coincideoce of the 
mark on the wire T with the surface, which can always be 
ascerlained to a very small fraction of an inch, will wmw 
■within the hmit of a very minute fractioD of a gniq- 
Specilic gravities may tims be obtained cortecdjr to 
within 100,000th part of thdr whole value, or to Arc 
places of decimals. 

Da Pareieux'a Hgdromeler. 
Fig. 63. This instnmient, which is represented in 
^ " Jig. 63., scarcely differs from that wliich has 
^ been just described. A cup C is connected by 

I a brass wire A C, about 30 indies long anil t 
ISth of an inch in diameter, with a glass phis) 
A B, which is loaded with shot at the bottom 
to keep it in the upright posidon. The length 
of the wire is such, that the phial, when 
loaded and immersed in spring water at a me- 
dium temperature, will sink to a point abont 
an inch above A. lUien it is immersed in 
light river water it will sink to about 20 inchet 
above A. The apecific gravities of difiereni 
kinds of water are compared hy this instro- 
raenl, as in Nicholson's hydrometer, by throw- 
ing weights into ilie diah C until the instru- 
ment anks to a fixed ijoin^ on die wiie, A 
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gradusCeil scale H E is atUcbed to the side of tha 
Teesel conlaining tlit water, to mark the degrees of im- 
mersioD. The sensibility of this instnunent is so great, 
th&t a pinch of aDji Eubstuice soluble in nater, oi a drop 
of any liquid which mixes with water, being combined 
with the water in which it is immersed, will produce an 
Dbiervable effect upon its depth of immersion. 

This instniment was invented for the purpose of 
comparing the specific gravities of diETecent kinds of 

(96.) The power of determining the specific gt^'nlj 
of bodies frequently enables us to declaj-e their other 
ad sometimes to delect tlieir component part^ 
frequently happens, they are formed of hete- 
leoQs materials. Thus spiriia, in every form and 
r every variety in which they are usetl in commerce 
domestic economy, are a mixture of alcohol with 
other bodies, of which water is the principal. As tha 
value of the Uquid depends upon the proportion of pure 
■Icohol which it contains, it becomes a problem of great 
practical importance to determine this. 

In like manner the precious metala, whether applied 
to useful or oroamenlid purpoees, are generally mixed 
with others of a baser species in a greater or less pro- 
portion. These cheaper dements which enter into the 
composition of what is received for gold or silver are 
called allass ; and it is obvious that, before the value of 
any article formed of such a material can be determined, 
it is necessary to find the enact proportion of alloy which 
it contains. 

These considerations suggest a class of problems re- 
specting the specific gravities of compound bodies and 
their consticucnt elements, the solution of which is of 
great practical importance. This solution, however, 
does not entirely depend on mechanical principles, as we 
shall presently explain j and even so far as it cloes de- 
pend on such principles, many previous conditions are 
necessary to render such problems determinate. 

If two bodies, whose specific gravities are known, be 
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mixed in a given proportion, and in their union no other 
effect be produced than the transfusion of the panicles of 
each through and among those of the other, the spedfic 
gravity of the compound is a matter of easy compulBtioa. 
The general principle for the solution of such a problem 
will be collected without difficulty from an example. 

E-rampte Let gold and copper be united, in the 

proportion of SO measures of gold to 3 of copper. The 
■pecilic gravity of the gold is l^SS, and that of the 
copper 890, the flpeeific gravity of water being 100. 
Hence the calculation may be made as follows ; the de- 
nomination of weight used being immaterial, providing 
it be the same throughout the whole investigation j — 

Weight of a cubic inch of water 100 

Weight of a cubic inch of gold 1,925 

Weight of a cubic inch of copper 890 

Weight of 20 cubic inches of gold .... 38,500 
Weight of 7 cubic inches of copper .... 6,230 
Weight of 97 cubic inches of the com- 
pound 44,730 

Weight of one cubic inch of the compound l,656j 

Hence the specific gravity of the compound is 1,€.'>6^, 
that of water being 100. 

If the proportion of the ingredients be given in wei^l, 
«t EO many graina of gold mixed with so many grtuni 
of copper, the magnitudes or measurex of these weights 
may be computed from knowing their specific gtavittei, 
which is in fact the weight of a given magnitude. Ttit 
preceding method of calculation may then be api^icd. 

If more than two bodies be united, the principle m 
which the computation is conducted will he ifae same. 

In the example just given the specific gravity of tb« 
compound was tlie object of enquiry, the specific gravi' 
ties of the components being supposed to be giroi. 
The same method of calculation would, however, dw- 
cover any of tlie other quantities which enter the inves- 
tigation witli a eufflcieat number of data. Thus, suppos* 
■' required to determine one of the IngmtteDta «f 
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s compound eubstaiice, the nature and quantity of the 
other ingredient being known. Let the spctdtic jiT-avit; 
of the compound be determinett by the usual means, 
and let the quantity of the given inp'edicnt be Gubtrocied 
from the whole quantity of the compound, and the re- 
mundcr will be the quaJility of the required ingredient. 
Bat it is necessary to determine ila specific gravity, 

ExampU — Let the compound body under investi- 
gation be supposed to be composed of two substances, of 
which gold is onej and let the total quantity of the 
Mxnpound be ST cubic inches, the quantity of the gold 
bong 30 cubic inches. Suppose that we ascertain the 
following results by experiment : — 

Wdgbt of 27 cubic inches of the 
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Weight of one cubic inch of gold . . . 
Wd(^ of 20 cubic inches of gold . . . 

Weight of 7 cubic inches of the alloy . 
Weight of one cubic inch of the alloy . 

Hence the specific gravity of the alloy will be 890, 
and that being known to be the specific gravity of cop- 
per the quality of the alloy is determined. 

When the quality of tlic alloy ia known, it may be 
required to determine the proportion in which it is mixed 
■itb the precious metal. In tliis case the specific gra- 
riliea of the constituent parts are supposed lo be given. 

Example Let tlie compound be one of gold and 

upper as before, the specific gravities of which are 1923 
•ndSgO. 

Wright of a cubic inch of gold 1,935 

Weigjit of a cubic inrh of copper 890 



44,730 
1,925 



Wright of a cubic inch of the compound by 

experiment l,656j. 

Wright of a cubic inch of copper 890 



I As the former dilference 10S5 it to tbe laBer 76^ 
to is 1 Eo the nnmber whicli expremes the pTVportua ■ 
iriiich the metala are mixed. Thus, b> the Rule of Tine: 
_1035 : 766^ : : i ■ "66*^ divided by 1035. «( 
which is the same, ^. Hence the propordoD at g^ 
contained in a cubic inch of the coinpoand i* SO pnti 
in 37, and there are, therefore, 7 parts of alloy. Tk 
demonstration of the proportion U!>ed. in this lolitiloa 
■carcely admits of a suflidentljr elementarj explauilaB 
to be introduced with propriety in the text.* 

If the object be to detect the exact quantity and qat- 
lity of the impure or helen^eneous matter conUiiied in 
any compound, it will not be sufficient that the speeiGe 
gravity of the compound and that of the principal ingre- 
dient he previously known. Thus, in manufactuied goU, 
it ia not enough to know the specific gravity of pore 
go]d,and that of the alloyed Bpecimen under inTestigttiaD, 
in order to determine the quantity and quality of the 
alloy. It is indispensably necessary, either that die 
•pecific gravity of ihe foreign matter intennjxcd with 
the principal ingredient be given, or that some daU may 
be ^mished by which it may be computed. 

Although in the cases of aUoycd metals, or •dnltertM 
liquids, it is rarely passible to detect tlie exact quantitf 
and quality of foreign mailer whicli may be intennin4 
yet we may generally pronounce with certainty on (be 
presence of some adulteration or alloy. The spedfic 
gravity of the pure substance bring known, if that of 
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Ae Bpedmen under enquiry differ from it, the ioter- 
mixture of foreign matter is no longer doubtful. But 
what ihst heterogeneous matter is, and in what quantity 
it is present, is a problem which requires the aid of 
Other principles. 

It has been already Etatcd that Epirits of every kind 
ttsed in commerce, are mixtures of pure alcohol and 
water in different proportions, and their strength depends 
on the quantity of alcohol nliich is mixed witli a given 
qoantity of water. The indications of the hydrometer 
immediately betray this. 

The adulteration of inillc by water may always be de- 
tected by the hydrometer, and in this respect it may be 
a useful appendage to household utensils. Pure milk 
baa a greater specific gravity than water, being 103, 
diat of water being 100. A very small proportion of 
water mixed with milk will produce a liquid speciBcally 
U^ter than water. 

Although the hydrometer is seldom applied to do- 
mestic uses, jel it might be used for many ordinary 
purposet which could scarcely be attained by any other 
means. The slightest adulteration of spirits, or any 
other liquid of known quality, may be instantly detected 
by it. And it is recommended by its cheapness, the 
great facihly of its manipulation, and the simplicity of 

(97.) The first nolion of using the buoyancy of 
■olids in a liquid, as means of determining the nature 
of their component parts, is attributed to Archimedes, 
■he celebrated mathematician and natural philosopher. 
It ia said that Hiero, king of Syracuse, having engaged 
an artist to make him a crown of gold, wished to know 
whether the article furnished to him was composed, ac- 
cording to the contract, of the pure and unalloyeil metal, 
and yet to accomplish this without defacing or injuring 
the crown. He referred the question to Archimedes. 
The pliUosopher while meditating on the solution of this 
problem happening to bathe, his attention was directed 
to liie buoyanry ofliis body in the waler, ani "XwwwVi 
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the general efffect prtxtuceil upon the apparent wei^dl. 
of Eolids bj their immernoii in liquids. The whole iTiii 
of reasoning which has been followed in the preceding 
chapters instantlj flashed acrosa his mind. He per- 
ceived at unce that the degree of buoyancy or the wei^ 
lost would betray the weight of the metal compoung ihe 
crown, compared, bulk for bulk, with pure gold. Bt 
rushed from the chamber in a transport of joy, dclaim- 
tng aloud, " Eureka! iCureka!" (/ haveJbundU! 
I have found it !) 

If the tale be true, the joy of Archimedes waa pn> 
duced not by the solution of the particular question 
respecting the crown, but by perceiving the important 
consequences to which the exteneion of the principle on 
which he had fallen must lead, 

(dS-) The calculations which have been just explained, 
for ascertaining tlie specific gravities of compound bodies 
when those of their component parts are known, proceed 
upon the supposition that the bulk or magtiitudea of the 
bodies united are nut altered by their comblnatisiL 
Thus, if ten cubic inches of gold be alloyed with •eroi 
cubic inches of copper, it is assumed that the mut of 
compound metal thus obtained will measure 17 cutnc 
inches. In hke manner, if a pint of water be mixed with 
a pint of spirits, the computed specific gravity of the 
mixture proceeds upon the assumption that it will mct- 

Experience proves this supposition to be, in most 
eases, unfounded. When the conaticueni atoms of two 
bodies are transfused through one another by intimaK 
mixture, it is found that certain properties are mani- 
fe«ted which exhibit a reciprocal Telation between thera, 
in virtue of which they are eitlier drawn together into 
closer contact and compelled to occupy a less space, or 
are mutually repelled and made to occupy a greater apace 
by attractive or repellant forces, which are called into 
operation by the conligulty of the molecules of the dif- 
ferent bodies. In fact, it is found that equal meaturet 
of two JiScnnt bodies, being cian^n\ed.Vj nivi>:ue,'«<Jl, 



Fig. 64. 



produce a compound, the nteasure of which will be 
diher less or greater ihan twice the measure of either 
erf the bodies so combined. Thus, a cubic inch of gold 
mixed with a cubic inch of copper will produce a mass 
of metsl raeaBuring leas than two cubic inches. It fol- 
lows, therefore, that the component particles of these 
bodies have been forcc<l into a less space than that which 
they occupied separately ; and, therefore, that corre- 
sponding affinities or attractive energies have been 
8iFakene<l hy their combination. In tike manner, if ft 
piut of pure water and a pint of sulphuric acid be mixed 
n^elher, the compound will measure less than a quart. 
This experiment may be irery easily exhibited in the 
following manner : — Let A, fig.Gi., be 
a hollow glass ball, having a neck at the 
top B, furnished with s ground glass 
Btopper made exactly to fit it, and water 
tight, and with a long narrow Cube C D 
K proceeding from the bottom and closed 
* St the lower end D ; let this vessel be 
filled through the neck B vrith sulphuric 
acid as far as the top of the tube C, 
then let water be carefully poured in tilt 
the ball is completely filled to the neck ; 
this liquid, being lighter than sulphuric 
acid, will remain in the ball rearing on the 
surface of the sulphtiric acid in the tube 
below. Let the stopper be inserted in the 
that the vessel being closed will be completely 
filled with the two hquids : holdiug the stopper firmly 
fa iw place, lei the vessel be now inverted, the tube being 
turned upwards and the stopper downwards. The sul- 
[diuric acid will, by its superior weight, fall into tlie hall, 
4ml the water will rise into the tube, ■ partial mixture 
taking place by reason of the afiinity of the liquids : llus 
inversion being several rimes repeated, the liquids will 
At length be perfectly mixed. If the instrument then 
be held sleadily with the tube upwards, it will be found 
that the hqaida no longer fill it, bm lihaX WNwi wvJ'm* 
H 4 
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the (op of the tube will beem^iCy. Thai the lU 
■iona of the liquiita will be coDaiiterxbly contTBCted b 
intenniictitre ; atiil of course the density or sfwciiir i;n> 
vity wiU bemufh greater thanif the liquids were mcchani- 
cally united williom any diininutiou of their volumf. 

The effect here described will be found to be attended 
-with another very rernarkabie one. The liquids at ibt 
commencement of die process being at the ordjnir; 
tcm|>er[iture of the atmosphere. It will be found that 
after they are mixed they will acquire so great ■ de^rw 
of heat, that the vessel which contains them cannot be 
held ill the hand without pain. This effect bears a den 
relation to the expansion of bodies by heat. If lbs 
coram uiiicition of heat to a body causes its dimensions to 
increase, it might naturally be expected that any cams 
which would produce a diminution of dimension would 
compel the body to part witli heat. Thus the coiidena- 
ation produced by the admixture of the two liquids is 
accompanied by ihe evolution of heat. It is sufficleni 
barely to notice this effect here, as it ivill be more fully 
explained in another part of the Cycloptedia. 

Although the method of computing riie specific gravity 
of a mixture, upon the supposition that its constituent 
elements suf&r no change of dimension, is inapplicable 
the actual determination of the specific gravities of 
ipounded bodies, yet such computation is not use- 
'I'he only exact method of ascertaining the degree 
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which substances contract or expand their dunensions 
mixti^e is by computing the specific gravity which 
i mixture woidd have were such change of dimension 
t to happen^ and comparing such computed specific 
ivity with the actual specific gravity of the compound 
iy observed by experiment. The process of measure- 
nt is not susceptible of the same accuracy^ nor^ in- 
idy of any d^ree of accuracy sufficient for scientific 
rposes : were it so> however^ it would scarcely be bo- 
iple as the comparison of the computed and observed 
idfic gravities. The quantities of the two substances 
xed should be accurately measured before mixture^ 
i the measure of the compound should be afterwards 
uratdy ascertained. The difference between the sum 
the measures of the constituent parts and the measure 
the whole would give the contraction or expansion 
Nluced by their combination. 

Therefore a = -r and a' = -7. Hence 
e cf 

tw+w' 
m = — r— ;-= uH-io' 

a+a' 

%o Vf 

c d 
(«>+«>') cd 
•.•m=i — r—— - — 
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.) We have hitherto confincil our attention chieflf 
those e&bcts which are produced by the presBOK 
tranBisilted by liquids, eitlier arieiDg from their ovrn 
weight or from other forces applied to them, when con- 
fined irithin certain liniita. When any of the limits or 
boundaries which confine a liquid are removed, the force 
which before naa expended in exciting pressure on such 
boundary or Umit will now put the Uquid in moticill, 
and cause it to escape through the space from which the 
opposing limit has been removed. The phenomcni ex- 
hibited under such circumstances, form the subject of* 
branch of the mechanical theory of liquids usually caUcd 
hydrauhcs. It embraces, therefore, the effects atteoding 
liquids issuing from oritiees made in the reservoir which 
contain them ; water forced by pressure in any direction 
through tubes or apertures, so as to form om. 
jets ; the motion of hquida through pipes and i 
nels; the motion of rivers and canals ; and tl 
produced by the mutual impact of liquids and solids in 
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It is tlie peculiarity of this branch of hydros taticB, 
that, from TsriouE causee, the phenomeDa actually ex- 
bibittMl in nature or in the procesBes of art deviate so 
conwderably from the resultf of theory, that the latter 
are of comparatively little use to the practical engineer. 
They also lose a great pait of their chaim for the general 
reader, froiD the imposaibility of producing from the 
Eunihar objects, whether of nature or art, examples ap- 
positely and strikingly illuBtrative of the general truths 
derived from scientific reasoning. It must not, however, 
be supposed that the results of such investigations are 
false, or that the scietice itself, or tlie instruments by 
which it proceeds, are defective. The difficulty here 
lies rather in the pecuhar nature of the phenomena, and 
the number of disturbing causes which render ihem in- 
capable of that accurate classification and generalisation 
which is BO successfully applied in almost every other 
department of physical science. 

The only really useful method of treating a branch 
of knowledge so circumstanced, is to accompany a very 
concise account of such general principles as are least 
inapplicable to practice, by proportionately copious de- 
tails of the most accurate experiments which have been 
instituted, with a view to ascertain the actual circum- 
stances of the various phenomena. Such details, how- 
ever, would be wholly misplaced in the present treatise ; 
we shall, therefore, confine ourselves to a few observ- 
ations on some of the most important and striking phe- 
nomena of hydraulics ; tracing their connection, where 
it is possible, with the various analogous effects in the 
other parts of the mechanics of solids and fluids. 

(100.) If a small hole be made in the side of a vessel 
which ifl filled with a liquid, the liquid will issue from it 
with a certain velocity. The force which thus puts the 
liquid in motion is that which, before the orifice was 
made, excited a pressure on the surface of the matter 
which stopped the orifice. It is obvious, that the moving 
force of tJie water which thus issues from tlie orifice 
jBost be adequate and proportional In Ave yi'HM -wSaiSsk 
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^oducGB it. But thia power, being the same which pro- 
duced the pressure upon the surface of the veBsel, will 
be proportinnal to the depth of the orifice below the level 
of the liquid in the vessel (1-^-)' Hence we may at once 
infer, that water will issue with more violence from m 
orifice at a greater depth below the surface than from 
one at a less depth ; but it still remains to be deter< 
mined what the exact proportion is between the rapidity 
of efBiix and the depth of the orifice- 
Let ABC D,_^. 65., be a vesEcl with perpendicular 
■ides, having a very small orifice Or ' ' 



Let it be Med with i 



1 height £F 



above O. The pressure corresponding to the depth ^^H 
will cause the water to flow from O with a cerlain vdiH 
city. Suppose this velocity to be 10 feet in a second; 
and suppose that by this means a gallon (if water is dis- 
charged from O in one minute, water being in the mean 
while supplied to the vessel in such a quantity as to 
maintain the level of the water in the vessel nt B F. 
The pressure at O being therefore always the same, the 
velocity of efflux will be uniform. It is clear, that if 
water be now poured into the vessel, so as to fill it to a 
level higher than E F, the pressure at O being increased, 
the velocity of efflux at O will be also increased. Let it 
be lequired to determine how much higher than EF it 
will be necessary to fill the vessel, in order that the ve- 
locity with which the water ia discharged SI O shall be 
^_ double the toima velocity. The momwivuni ot mo-rait 
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force commuTiicaled to the water discharged from the 
orifice in one minute would in this cane be four timei 
diat which was communicated to it in the former case ; 
for, eince the rapidity with which the water ifl discharged, 
is double its former Telocity, double the quantity of 
water will be put in motion in one minute ; but this 
double quantity is also moved with a double speed ; 
hence the entire moving force produced in a minute will 
be fotu- times the moving force produced in the former 
case in the same time. If the same quantity of water 
only bad been put in motion with a doidile velocity, the 
moving force would be doubled ; but the quantity of 
water moved being doubled as well ss its speed, the 
moving force is quadrupled. Hence it follows, that the 
power which produces this effect must have four times 
the energy of that which produced the effect in the first 
case ; but this power is the pressure produced at the ori- 
fice O, which ia proportional to the depth of O below 
the surface. Hence it follows that (o give a double ve-' 
locity of discharge a fourfold depth is necessary. If the 
vesHcl A B C D be filled to the level E'F', so that E'O 
shall be four times EO, then the velocity of dischat^e atO 
will be double (he velocity when the level was at E F. 

By similar reasoning In may be concluded that, to 
obtain a threefold velocity, a ninefold depth is neces- 
sary ; for a fourfold velocity, sixteen times the depth will 
be required, and so on; in fact, in whatever proportion 
the velocity of efflux is increased, the quantity of liquid 
disdia^ed in a given time must be also increased ; and, 
therefore, the pressure or the depth must not only be 
increased in proportion to (he velocity, but also as many 
times more in proportion U> the quantity discharged. 
Thus the depth of the orifice, below the surface, will 
always be in proportion to what, in mathematics, is 
called tins square of tlic velocity of discharge. 

If in a vessel A B C D, ^. 66., filled with a liquid, k 
■mail bote, O, be made at one inch below the surface 
BF; and another, O', at 4 inches below it; a third, O'', 
U9 inches; a fourth, O'", at 16 inches; and aBflh.O"", 
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It 25 inches; the velocities of discharge il these seiertl 
lolea will be ia the proporiion of Ij 2, 3, 4, and 5. U 




Aie upper line in die following table express the serenl 
Tek>cities of di»cbarge, the lower one will express the 
corresponding depths of the oiiAcas : — 



Velocily. 1 
Depll.. 1 


-It 


V 




6 7 
36 *S 


S 
64 


9 10 


16 25 


81 100 



It is impossible to conlempUte the relation exhilulsd 
in this table witliout being Ktruck by ilie remarkable 
coincidence which it exhibits with tlie relation between 
the height &om which a body falls and the velodty ao- 
quired at the end of the fall.* To produce a twofold 
velocity, a fourfold height is nectssary. To produce a 
threefold velocity, a ninefold height is required. For a 
fourfold velocity, a sixteenfold height ia required, and so 
on. Thus it appears, that if a tmdy were allowed to 
fall from the surface F of the water in the vessel down- 
vards towards C, and unobstructed by the fluid, it 
I irwld, on arriving at each of (he oriflces above described, 

H. * Cab, Cja. MnhuSca, p, U 
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• velocities proportional to tho»e of the water dia- 
■ged at the orifices respectively. Thus, whatever ve- 
locity it would have acquired on arriving at O, the first 
orifice, it would have double that velocity on arriving at 
jnd orifice, three times timt velocity on 
arriving at the third O", and so on. Now, it is evident 
that if the velocity of efflux at any one of the oi-ificea be 
equal to the velocity acquired by the body in falling from 
the surface F to that orifice, then the velocities acquired 
it each of the orifices will be equal to the velocities of 
dischai^e respectively. Thus, if the velocity acquired 
in falling from F to O be equal to the velocity of dis- 
charge at O, then the velocity acquired in falling from 
F to O' being double the former, will be equal to the 
velocity of discharge at O'; and In like manner the 
velocity acquired at O" being three times the velocity at 
O, will be equal to the velocity of discharge at O". In 
order, tllerefore, to eatabUsh the remarkable fact that the 
velocity with which a liquid spouts from an ori6ce in a 
veasel is equal to the velocity which a body would ac- 
quire in falling unobstructed from the surface of the 
liquid to the depth of the orifice, it is only necessary to 
prove the truth of this principle in any one particular 
case. Now it b manifestly true, if the orifice be pre- 
■€9ited downwards, and the column of fluid over it be of 
very small height; for then this indefinitely small column 
will drop out of the orifice by the mere effect of ila own 
neigfal, and therefore with the same velocity as any other 
falling body ; but as fluids transmit pressure equally in 
all directions, the same effect will be produced whatevu' 
be the direction of the orifice. Hence it is plain that 
the principle just expressed is true when the depth of 
the oriAce below tlie surface is indefinitely small ; and 
dnce it is true in this case, it must, according to what 
has been already explained, be also true in every other. 

(101.) From this theorem it follows, as a necessary 
consequence, that if the orifices from which the hquid is 
diacharged be presented upwards, the jets of liquid which 
would escape from them would rise to a Viii\^\\l vi^wil. la 
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the level of the liquid in die vewel. Tliiu, inj^.67*i 
if E F be the surface of the liquid, and O, O', O", O"', 
be four orifices at differrait depths, all openiog diredlj 
upnards, the liquid will spout from each of tbeiD wid) 
the velocity which a body would acquire in falling frou 
the level of the surface E F G to ihe orifices respectivelj. 
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■nd consequently the liquid must rise tA the same height 
before it loses the velocity with which it was dischar^d. 
Hence the jets severally issuing from the orifices wiQ 
riae to the height F G. 

(lOS.) These important theorems must, however, be 
•nbmitted to considerable modi fi cations before they can 
be considered as appHcable in practice. In the preceding 
investigation, we have considered the orifice to be inde- 
finitely small, so that every point of It may be r^arded 
u at the same depth below the surface; we have alw 
considered that the fluid in escaping from the orifice ii 
■uttject to no resistance from friction or other caiUMi 
tnd alio that in its ascent in jels it is free from 
^herie reaaiance. In practice, however, all 
produce very sensible effects, and the consequence ia,i 
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ihe acHial phenomena vaiy veiy considerably from [he 
remits of theory. The velocity of efflux is, from ihe 
moment the orifice is opened, diminished by the Jric- 
turn of the liquid against the sides of the pipe oi 
opening through wliich it passes. After it escapes, the 
icnatance of the air produces a sensible efi'ect upon the 
movement of the fluid particles. This resistance in- 
creases even more rapidly than the velocity, so ihat the 
jets which escape from the lower orifices ate still more 
redsted in proportion than those froui the higher, and 
consequently they do not rise even near the level of the 
Quid in the vessel. 

Ab the liquid is gradually discharged from the orifice, 
the contents of the vessel descend, the various particles 
filling in lines nearly perpendicular ; but when they ap- 
proach near the orifice from which they are to escape, 
they begin to change their direction, and to tend toward 
the orifice, so that Ihcir motion is in lines, converging 
towards the opening, and meeting at a point outside it. 
The«e effects will be produced whether the opening be 
in the bottom or in the side of the vessel. They may be 
rendered visible by using a glass vessel filled with water, 
in which filings or small fragments of solid substances 
we suspended, and which are carried along by the motion 
of the currents. 

If a vessel be allowed to empty itself by an orifice in 
the bottom, the surface of the liquid will gradually de- 
scend, maintaining its horizontal position ; but, when it 
comes witliin a small distance, about half an inch, of the 
bottom, a slight depression or hollow will be observed in 
that part of the surface which is immediately over the 
orifice. This will increase untU it assume the shape of 
a. cone or funitel, the centre or lowest point of which 
will be ill the orifice, and the liquid will be observed 
Bowing in lines directed to this centre. This effect will be 
better understood by referring to fig. 68., where the direc- 
tion of the currents and the contracted vein are exhibited. 

As the panicles of liquid in approaclung the 
'n liirections conierging to a point 
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plain tliat the column of fluid whicfa 

■ escapes from the vessel will be tai- 

?r or more conb-acteil at the poial 

towards which the motion of Ibe iiquul 

iverges than it is either before it »r* 

es at that |>oint or after it has pagud 

This contraction of the jet pro- 

duced by the peculiar directions which 

! moltons of the fluid particles take 

s Gr9t noticed by Newton, whogne 

the name of the vena eorttmcta «r 

the ayntracted vein of fluid. The dit- 

tADce from the orifice at which the 

greatest contraction of the jet takei 

place depends, with certaiu timiUtiaiUi 

on the magnitude of the orifice. If 

the orifice be circular and noill, iu 

distance is equal to half the diameter 

of the orifice, and the magnitude of 

tjie jet at its moet contracted poiDl 

beats to tlie magnitude of the orifice 

according to Newton, the proportiooof 

1000 to 14] 4, and according to Boe 

the proportion of 1000 to 1600. 

It will be evident, upon very slight coDsideratiou, that 

r- if the liquid be gufiered to escape by a cyUndrical n~ 

t the contraction of the vein will be greatly diminished. In 

^ diis case the pcoportiou of the magnitude of the moatCMi- 

tiacted part to that of the bore of the tube is 1000 toISOO. 

Ab the same quantity of fluid which passes in any 

given time through the orifice itiUBt pass in the a 

time through the narrower space of the contracted v 

it follows, tliat it must pass through this place nil 

proportionally greater velocity. Its velocity, therefoie, 

at die point called die contracted vein, is greater than si 

the orifice in the proportion 1414 to lOOO, according to 

Newton's calculation. 

In applying the theorem which has been establithtd 
respecting the eiiuahty of the velocity of efflux to AU 
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of a body which hss fallen from the surface to the orifice, 
il is the velocity of the contracted vein which should be 
r^arded, that being the point at which the pressure 
produces its greatest effects. 

(103.) In the preceding investigation we have Bup- 
poaed liquid to be supplied to the vessel as fast as it ii 
discharged, so thsit (he surface is maintained at the satne 
height above the orifice. The pressure is tlierefore con- 
Want, and the velocity of efflux uniform. But if a vessel 
discharge its contents by an orifice in the lower part, 
then the surface will continually ileacend. The pressure 
at the orifice will be continually diminished, and the 
■qnare of the velocity of discharge, which is proportional 
to this pressure, will suffer a corresponding diroinution- 
Beace it appears that the velocity of discharge is conti'- 
ntully less until the surface jails to the level of die orifice. 

It IB not difficult to perceive, that an invariable pro- 
portion must subsist between the velocity of discharge 
*lld (he velocity with which the surface of the liquid in 
tile vessels falls. Suppose tliat the magnitude of the 
CFiifice is the hundredth part of the magnitude of the 
surface of the liquid, and that the rate of discharge at 
any moment is such that a cubic inch of the liquid nouli 
be discharged in one second: in that time a column of 
the liquid will pasa through the orifice, whose base is 
equal to the orifice, and whose height is such that it« 
aitire magnitude will be a cubic inch. In the Game 
time the level of the Uquid in the vessel will fall through 
a spice which would require a cubic inch of (he liquid 
Is fill. This space will be just as much less than the 
height of the former column, as (he ml^nitude of the 
orifice is less than (he magnitude of the surface of the 
liquid; that is, in the instance assumed, the space through 
which the surface will descend in one second will be the 
hundredth part of the space through which the liquid 
projected from the orifice would move in a second, if iti 
»elodty were continued uniform. 

By the same reasoning, it may be inferred generally, 
Aat the velodi/ Kith which the suiface JLe&ceiulA^MKCk 

M 2 
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to the Te)odl7 of dischai^ ibe same ratio aa the magni- 
t«de of the orifice ban to the nugnitude of ihemufact 
Since il has been alresiljr pror^d that the square of 
the <tetacily of ilischarge it proporliODa] to the iepth 
of the oiiilce, it ftdlona, from what has been just suted, 
that the square of the vdocitj with which the surface 
descends is also proportioDal to the depth of the ori&ce. 
It is proved in mechanics, that when a bodj is projected 
upwards, commendDg with a certain velodty, the Equl< 
of its velocily diminishes in proportion to its distance 
from its point of greatest devation. It therefore fdlowt, 
that such a body is retarded as il approaches its greatnt 
heiglit, according to the same law as the velocity of ihe 
rarfsGc of a liquid in descending is retarded at it ap- 
proaches the orifice at wliich it is discharged. 

Thus all the properties established ia mechanici in- 
specting bodies projected upwards and retarded by the 
fbtce of gravity, may be applied to the descent of ihe 
surface of a vessel which is emptied by an aperture in 
Miy part below that surface. The initial velocity rf 
the surface is easily found. The velocity of efflux at tbe 
orifice is that which would be acquired by a body falling 
ftora the surface to the orifice and may be determined 
by the ordinary principles of mechanics.* This velod^, 
being diminished in the proportion of the magnitude of 
, ihe lurfact; of the Uquid to the magnitude of the orifiM, 
I wlU give the initial velocity of the surface in its descent. 
' The velocity at any other elevation may be calculated 
* upon the principle tliat the squares of the velocities at 
tny two elevations above the orifice are proportional 
to lli«»e elevations. 

It Is ptoved in medianica, that If a body be pnijecled 
lipwanla with a certain velocity, the height to which il 
trill rise will be equal to half ihc space through whidi 
k would move in the same time wiih the velocity of 
pMt]>cllun continued uniform. Hence, by analogy, we 
infer, that the time which the surface of a liquid t^ie* te 
fkll flom any given elevation to tlie orifice is et^oal to 
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the lime it would take to move through twice that ele- 
ration with the inirial velocity condnued uniform. Now 
as this initial velocity is known, the time which the sur- 
face would take to move through twice the elevation 
with it may be computed ; and, therefore, the time 
whiiJi the surface tidies to move from any given eleva- 
tion to the orifice will be obtained. 

Hence it is easy to infer, that the time in which ft 
vessel will empty itself through a hole in the hntlom is 
equal to the time it would take to discharge twice the 
quandty of fluid contained in the vessel, if tlie initial 
vdocily were continued uniform. 

(104.) If a stream of liquid be impelled through 
a reservoir, io which the Uquid is at rest, it is evident 
that it will drive before it those parts of the liquid which 
impede its course ; hut, independently of this, it will 
produce odier motions in those parts of the liquid in the 
reservoir near which it passes. Let us suppose a river 
lo enter an extended lake at one extreiniiy, and to issue 
from it at the other; the bed of the river being more 
■hallow and contracted than tlie lake. If a hollow chan- 
nel or aqueduct were formed across the lake, equal in 
magnitude and shape with the bed of the river, the water 
of the river would flow across the lake without producing 
any effect upon the waters of the lake, being separated 
ttam (hem by the channel or aqueduct which we have 
sapposed. If the surface of the river, flowing in the 
channel, coincide with the level of the surface of the 
lake, the cliannel or aqueduct will sustain no [jressure or 
■train, or, more properly, the pressures which it will su&br 
on all aides will be equal; the waters of. thelakepress- 
■Dg it upwards and inwards, with forces exactly equal to 
ihoBe by which the waters of the river press it down- 
wards and outwards. It is clear, therefore, that the 
diannel has no effbct in sustaining or neutralising any 
hydrostatical pressure, and that its removal will not caU 
Into action any force of this kind. Suppose it then re- 
moved, and the waters of the Iske themselves to form 
the channel through wliich the waters of the riiut fivti. 
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Shall we conclude, that in this case the waters of the 
river will rantinue to flow through [hose of the lake, tbe 
latter remaining quiescent, and the two masses of liquid 
being unmingled? It has beeo found bj experimeal 
that such will not be the eiFecl. The current of ihe 
rirer flowing in contact with the waters of the lake will 
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n ; and thew 

the motion to those bejrond 

ra of the lake, to a giW 

■SB of the river, are pnt ii 

The following experinicnt was instituted by Ventari 
mfo illustral« the principle of the lateral propagation of 
V^iolion by a liqui<l. A liorizontal pipe A B, Jii/. 69; 



again will 
them, until at length the ' 
each aide of the 




IB introduced into a vcfisel C D E P, which was pT»- 
}usly filled with water to the level G H. Opposite to 
tne mouth of A B, and at a short distance from it, <tu 
placed a email recungular canal K L M N of ihin 
metal, with a curved boltom, perpendicular sides, and 
open at the top. This canal was so placed as to be «■■ 
pable of conducting a stream, flowing in at N K, orei 
the edge of the vessel P, and discharging it at H L 
The pipe A B communicates with a reservoir R, kept 
constantly filled to the same height, so that the wiur 
isBuea from B continually, with tlie same rapidity. Tbe 
current flowing from B passes through the water in llu 
Kservoir C D E F, in the space between B and K, and 
enters the curved canal K L ; it is farced up this by ihl 
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Tdocity with which it issues from B, and flows out at 
L. By this arrsngement, a current, equal in magnitude 
to the pipe A B, is conlinualty flowing; through the 
water in the reservoir C D E F, in tlie space between B 
■QdNK. 

The eflfect of this lias lieen found by esperiment to 
be, that the whole of the liquid in the vessel C D E Pj 
which is above the kvel B K, is carried with the liquid 
whidi passes from the tube A B, up the canal K L, 
■nd discharged at L. The surface G H gradually falls, 
and ia soon reduced to the level B K, where it remains. 

The lateral cammuaication of motion by fluids, here 
described, is not confined to the case where the fluid to 
which the motion is imparted, is of the same kind as 
that from which the motion is received. A current of 
water passing through the air will give (o the air im- 
Rtediately contiguous to it a motion in the same direc- 
tion, if a feallier, or any other light body, be suspended 
by a long fine silken thread, and held immediately ovei 
be surface of a rapid stream, but not in contact with it, 
it will be found to be driven along in the direction of 
die stream, in the same manner aa it would happen were 
it expoiied to a blast of air. This effect, as might na- 
turally be expected, is grcady increased when the ve!o- 
dly of the stream is very considerable. A cascade, 
which falls from a great elevation, produces a current 
of air, the force of which can scarcely be withstood. 
Ventari, who investigated and explained this pheno- 
menon, observed a remarkable example of it, in a water- 
fall, which descends from the glacier of Roche Melon, 
on the rock of La Novale«e, near Mount Cenis. 

The lateral com mimics tioti of motion, combined with 
the irregularities in the shape of beds and banks of 
rirers, is tlic cause which produces cddic» of water, 
which are frequently observed in them. 

heify. 70. represent the surface of a river, N R and ' 
O S being the shape of its banks ; suppose the current 
to run in tlic direction N R, and let B A be an obstacle 
p-ojeeting- from one of the banks and im^eAw^ \\a 




e water will tfaui be cauied to 

, si><l [o diKchoj-ge iudf round (he p«itil A 

increaseil velodtj. The liquid in the space BDCA 

protected from the force of the descending streun 

: sbstacle B A, will at first be quiescent ; but ibe 

flaw af the water from the point A will comma- 

iDotion to the lateral porticleB in the space C, *nd 

Fig. 70. 



will convey thera forward. The particles at E will tUo 
become sliglitly depressed, and the remoter porticki 
towards D nill have a tendency to (ill the depression; 
the current from A to C will, however, continue U 
csrry them ofT, and a hollow wiU continue in the centre 
of the space A C D. The water between A and C it 
thus acted upon by two forces ,' viz. the force contlnil- 
nicated to it laterally, and tending to carry it down the 
•tream in the direction A C, and the tendency which il 
has by its gravity to fall towards the centre of the canljr 
E. These two forces are precieely analogous to tbM 
by which a body is caused to move in a circular orbil, 
viz. a projcctde force at right angles to the railiua of the 
drcle, and an attractive force continually soliciting the 
body to the centre. The water by this means is whJrW 
round in an eddy, which is continually maintained by 
the action of the stream in rushing from the pmnt A. 

A Euddea contraction of the bed of the river, frilowal 
immediately by a widening of the banks, as at NOFQj 
nil] produce the same effect M two obstacles, audi M 
B A, placed on opposite sides of the river ; consequently, 
under such circumstances, eddies will be obiOT>ed on 
both sides at P an<l Q immediately after ptaauig Ac 
contraction. 

The stream of water shooting from A will strike the 
•ppoule bank at G H, and will be reflected firom it is 
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Ihedirpciiou H S; ihe effect will, iherefore, be the same 
M H S9 if the current encountered an obstacle there 
Minilar to B A, and, cojisequently, eddies will be re- 
peated in the Bpace near R. It follows, therefore, that 
& sudden contraction of the banks succeeded by a widen- 
ing will not only produce eddies immediately adjacent 
ta the contraction, but that these eddies will be continued 
for a certain space afterwards. 

Similar effects may be expected by inequalities in the 
bottom of a river ; but, itiBteacI of taking place a3 just 
described. In a direction parallel to the surface, they will 
be produced in a plane perpendicular to it, and the 
eddies will be presented upwards like the curling on the 
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dicnlar to its surface, A K exhibiting the shape of the 
bottom. In the case of a gentle slope, such as A B C, 
let us first suppose the space A B C to be tilled with 
water, which is quiescent, the stream of the river run- 
ning upon ils surface A C ; the motion of the river wiD 
be gradually communicated Co the water below A C, so 
as to give it a raoUon from A towards C. The shape 
of the bottom ABC will cause it to be projected from 
C towards the surface, forming a vertical eddy which 
will frequently terminate in a curling wave. In this 
case B C acts in the same manner upwards as B A, in 
fig. 70., did laterally. If the extremities of the hollow be 

abrupt as at D G, subaqueous eddies will be produced. 
All these effects may be exhibited experimentally, by 

causing water to flow through arCilidal channels with 

glass sides. 

It will be evident from all that has been stated, that 

irr^ularitics in the bottom and sides of rivers must 

necessarily retard their currents ; the force which would 



i 



i 



ISI 

otherwise curry the streBin directly down its chiDD^^V 
here wasted in producing lateral and oblique iDotiolH; 
All the moving force of the water in an eddy must be 
originiUy derived from the prcdpilous descent of At 
stream, which ie therefore robbed of lU the power re. 
quisite for the mitintenance of such effects. We, there- 
fore, perceive why the velocity of rivers, in their descent 
to theocean, is always much less than that which wouLJ 
be calculated upon mechanical prindples, supposing them 
to flow in a perfectly even and regular channel. In 
fact, the effects of such inequalities partake, in a certain 
degree, of the nature of friction ; they are, as it were, 
friction on a large scale. It is also evident why riven, 
the beds of which descend towards the sea. with equal 
BcclivitieB, yet may have very different velocitieB, the 
velocity being greater the more regular the channet 

(105.) Wlien a liquid in motion strikes a soUd sur- 
face at rest, or when a solid surface in motion strikes t 
liquid at rest, the quiescent body deprives the moving 
one of a quantity of force equal to that which it le^ 
ceivea • ; and this loss of force is said to arise from tin 
resistance which the quiescent body offers to the bo^ 
in motiou. ^Vhen a solid body is immeised in ■ liqni^ 
the force necessary to move it with any given velocity ii 
found to be greater than that which would be necesau^ 
to move it with the same velocity when not immersedi 
this excess of force arises from the resistance of the 
liquid to the solid, and it is a problem of great practical 
importance to establish the rules or theorems by whicb 
this resistance may be estimated, and by which its li*t 
Kay be exhibited. The same rules precisely wiU b* 
applicable to solid bodies, such as the float boards of 1 
water-wheel when struck by the water of a mill rotiiM- 
In the one case the force to be measured is called du 
resistaiice of the liquid, and in the other it is deiw- 
minated the percussion of the hquid. In these, as ID 
almost every other part of hydraulics, theory lends hal 
feeble aid to practice. There are many effects attending 

■ Cab. Cyc Mecluuiha, ctaflp. Iv. 
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the operation of the liquid, whether ia resisting or com- 
municating motion, which, from iheic nature, elude the 
gtisp of theory, and appear to be incapable of being 
represented by mathematicai or aritlimelical language or 
BjmboU: nevertheless, there are a few general principlet 
which may be regarded as approximating within a cer- 
tain degree of practical results, and Bufticiently near 
them to imprees upon the meniory a general notion of 
the phenomena, if not to be useful in the actual chIcu- 
Utiona of tlie engineer. 

Indeed, the first Ktepa in generalising lhi» dass of 
effects are almost as obvious to ttie most common eic- 
peiience as iheir exact determination is difiicult. For 
example, if a flat board of a foot square be moved in 
water with a certain velocity, so that its flat side shall 
be presented in the direction of its motion, a certain 
resistance is fell, and a certain force is necessary to keep 
it in motion ; but if the same board be moved in tlie 
■Jirection of its edge, it ia well known that a much less 
force will be found necessary to give it the same velocity 
as in the former case. ^V^ien the boatman plies his oar, 
be keeps the flat part of the blade presented in the di- 
rection in which he pulls at that part of tlie stroke at 
whidl the greatest eflect is produced in impelling the 
boat ; but when he wishes to extricate the oar from the 
liquid, preparatory to another impulse, he turns the 
blade edgeways towards the water, and the resistance, 
which before was powerful, becomes immediately inaig- 
nificant. When the wings of a bird are spread for 
flight, the flat and broad part of their plumage la pre- 
sented downwards, to give them support from die re- 
ustance of the ai> in that direction, while their edge ii 
presented forwards, to enable them to cleave the air with 
as little resistance as possible in that direction. 

These and Uke eflects, which constantly fall under 
our observation, indicate the general fact, that the broader 
the surface presented in the direction of the 
greater will be the resistance. But it requires 

uid pbilosojiliic esamination, to deciic "«teiVet 
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be alwiyi in the exact pio- 
a( the inoeue of surface presented towanli the 
motion : both cheoiy and experience decide this qoeation 
in the affinnatJTe. The resistance arises from llie force 
which the moving liodj must expend in displacing die 
particles of fluid which lie in its way : all other ihingi 
being the same, this force mnsi obviously be proportional 
to the number of particles to be displaced ; this numbei 
wUl evidently be detennined by the m^nitude of the 
Kurfacc. A flat board of the magnitude of one square 
foot displaces a certain quantity of liquid fay its niDtinD; 
one of two square feet vUl displace twice that quantity ; 
tuid, therefore, will require twice die force to keep it In 
motion ; or, in other words, will Euffer twice the reoit- 
ance ; and the same will be true whatever be the niap 
nitude of the surface. We, therefore, conclude genenHj 
that — 

" When a flat surface is moved perpendiculariy sgunM 
a fluiil, the resistance which it suffers will increase oi 
decrease in the same proportion as the magnitude of ^ 
surface is incrcssed or decreased." 

(106.) If, insleftd of being presented perpendteuJarif 
to the liquid, the surface be presented oUiquelj wid 
reject to the direction of its motion, the resistance viD 
be diminished on two aecounts: first. The qnandl]' of 
liquid displaced will be less ; and, secondly. The actiaa 
of the surface in displacing it will have the mechanical 
advantage of an inclined plane, or wedge, so that ins 
of driving tite liquid forward, it will in 
pnth it aside. 




■ liquid in the direction expreswd by the arrow. It is 
evident that the quantitj of liquid (liBpliiced by the sur- 
face A B is the game na that which would be displaced 
by the Emaller surface A C moving perpendicularly 
•gainaC the liquid. Let ua suppoae ihat A C ia half the 
magniluile of A B; ii follows, therefore, that the quantity 
of liquid which would be displaced by A C is half that 
which would be displaced by A B, if it move perpendi- 
cularly against the liquid. Hence, it may be infcned, 
that by reason of the oblique poaition of A B, the quantity 
of liquid which it diaplaces is reduced one half. 

Again, this reduced quantity of liquid which is to 
displaced, is not driven perpendicularly before the moving 
surface. The aurface A B acts on each particle of the 
liquid as a wedge acts in cleaving a piece of timber; 
and, by the principlea of mechanica, it is cBtabliahed that 
a power acting against A C will overcome a force on the 
face of the wedge greater than its own amount in (he 
proportion of A B to A C • ; or, in the ease already 
tuppoaed, that of two to one. We, therefore, conclude, 
that in the oblique position of the surface A B, com- 
pared with the Game surface moving perpendicularly 
■gaiiiat the liquid, only half the quantity of liquid is dis- 
placed, and diat quantity only offera half the resistance 
which the same quantity would ofier to perpendicular 
motion of the surface A B. The conclusion is, that by 
die obliquity of the surface A B the resistance is reduced 
to one fourth of its amount. 

In like manner, if A C were a third of A B, the re- 
siatance would be reduced U> one ninth of its amount. 
If A C were a fourth of A B, the resistance would be 
reduced to a sixteenth of its amount, and so on ; die 
'esistance being always diminished in the proportion of 
the square of the back of the wedge, as compared with 

In trigonometry, the number which expresses the 
proportion of A C to A B is called the sine of the angle 
U B; and thus the resistance to a surface moving in a 
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iHquiil is mid to increase or decrease in projiortion to 
\e square of tlie sine of tlie angle wbich the direcdon 
f the surface makes with the direction in which it i» 

The redatance here detennined is that which sett 
F perpendicularly on the wrfsce A B. The portion of it 




lAich acte in the direction of the motion may be found 
1^ the prindples for Ihe rescdulion of farce. Let DE 
express the resistance perpendicular to A B, and let EE 
be drawn perpenilicular to the direction of the motiMii 
D F will express that pari of the resistance which ■(■ 
■gainst tlie motion. The proportion of DF to DXIi 
the same as that of A C to AB." 

(107.) We have liitherco omitted the considentko 
of the effect produced upon the resistance of the fluid llj 
■nj change in the velocity with which it suikes IH 
lolid, or with which the solid strikes it. If a flat bcarf 
be moved perpendicularly against a liquid, it is qolU 
evident that the greater the velocity with which it ■ 
moved, the greater will be the resistance which the Uqnid 
will offer to it ; and this effect may in part be acconnled 
for very obviously. It has been already explained, thn 
the resistance arises from the force which (he a^d loMI 
in giving motion to the liquid which stands in iti wtj. 
It is clear that the more rapid (he motion of thewlidii, 
the greater will be the velocity which it will commnai- 
cate lo the fluid, and, therefore, the greater the force wilh 
which the fluid will be propelled ; and, by consequence 
h the greater will be the resistance opposed to the ia&d> 
^3ut (be increase of resistance is not merely in proporlioa 
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^ires from it a double force, and tbere- 
a double reaiawnce. Bu(, tiesidee this, 
i of the body moving viith a double 
speed causes it to strike twice as tnan; particles in a 
second ; each particle, as just slated, being struck with 
a double force. It is, therefore, apparent that a double 
speed will cause the body to impart a fourfold force to 
the liquid which it puts in motion. It will put double 
the quantity of Uquid in motion with a double velocity ; 
it followB, therefore, that it will be opposed by a four- 
fold resistance. 

By Uke reasoning, it will be easy to prove that a three- 
fold velocity will produce a ninefold resistance ; that a 
fourfold velocity will cause the resistance to be increased 
sixteen times, and so on ; the resistance varying in pro- 
portion to the square of the velocity. 

(108.) In the preceding investigation we have ex- 
plained how the quantity of resistance is varied by any 
change in the magnitude or figure of the solid, or in die 
velocity with which it is moved. But, in order to retl- 
der these conclusions useful, it will be necessary to show 
the actual amount of the resistance in some one parti- 
ctilar case. If (hie be known, its amount in all other 
cases may be calculated by the theorems just explained. 
Thus, if the absolute resistance produced by any parti- 
cular velocity be known, the resistance which woidd be 
produced by any other velocity may be computed from 
the established principle, tliat the resistance varies in 
proportion to the square of the velocity. 

Experiments were instituted by Bosaut, with a view 
to detennine the absolute resistance sustained by a solid 
moved in a Uquid. By these experiments it was found 
that if a flat board were moved perpendicularly against 
a liquid, it would suffhr a resistance equal to the weight 
of a column of the fluid, the base of which is equal to 
the board, and the height of which is equal to the 
height from which a body slioukl fall, in order to ac- 
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%utre the velocity with which the board ia tuoved igiiniC 
die liquid. 

It follows from this, that the resistance of ilifferenl 
fluids will be difFerent according to their epecigc gr«- 
vities, for the heavier a column of die e&me height is, 
the greater in the same proportion will the resiatance be. 
Thus [be resistance of sea water is greater, in a slight 
degree, than that of fresh water; and the reeislance of 
mercury is many times greater tlian either. 

When a jet of liquid strikes a solid at rest, it is foond 
that the ahaalute resiEtance is diHerent, but that its ra- 
riaiJon depends upon the same laws. In this case the 
force sustained by the solid is equal to the weight of ■ 
column of the hquid, whose height is double the height 
from which a body should fall to acquire the velodty. 
Hence it follows, that a vein of liquid striking a solid 
with a certain velocity produces an effect amounting to 
double ttiat which woulil be produced by moving the 
aoUd with the same velocity in a similar liquid at rest. 

(109.) The theorems just established constitute thr 
only results in hydraulics which deserve the name 01 
general principles, and which approximate within ■ 
limit sufficiently close to the actual phenomena to be of 
any practical uiility. But even in the application of 
these there are Eeveral circumstances which ought to be 
taken into consideration, in restricting and modifying 
the condusioDB deduced from them. They are, how- 
erer, attended with several consequences which expe- 
rience fiilly verifies, and which are of considerable 
importance in the practical appIicalionB of the science. 

The effect produced on the resistance of a liquid bf 
the obliquity of the surface of the solid which moTti 
through it forms a prominent element in the proUon 
for determining, under different conditions, the tbUft ot 
the solid. This consideration must materially afito tfee 
Bhape to be given to vegsels of all denominations, wh^ 
ther for navigating the seas, or for inland iranspoR by 
canala and rivers. It i; this principle which causes dv 
length of the vessel to be presented in ilie directiom of 
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the tnolion, ani! which gives a sharp prow, where 
cumsuuices admit it, the advantage uver a round 
Tile boats which ply on rivera, or other sheets of water 
Dot liable to much agitation, nor intended lo carry 
uderable freight, are so constructed, that every part of 
Iheir bottom wliich encounters the liquid mores against 
il &l an extremely oblique angle. The boats for (ho 
conveyance of persons to short diEtances on the Thames, 
and other rivers, affiird obvious examples of tliis. 

Art in these cases only imitates nature. Animals, U) 
whose existence or enjoyment a power of easy and rapid 
motion in fluids is necessary, have been created in a 
form which, with a due regard to their other functions, 
is the best adapted for (bis end. Birds, and especially 
those of rapid flight, are examples' of thia. The uecic 
and breast tapering from before, and increasing by slow 
degrees towards the thicker part of the body, cause them 
lo encounter the air with a degree of obliquity greatly 
dimiouliing the resistance, slight as it is, which that 
■Itenuated fluid opjwaes to their flight ; but we find a 
more striking Ulustration of the same principle in the 
forms of fiahes of every denomination. The reader must 
uot, however, be tempted to indulge in the supposilion 
that nature has in these cases solved the celebrated pro- 
blem, to find the form of the soUd of least resistance. 
The solid contemplated in that problem has no other 
fuDcdon to discharge except to oppose the resistance of 
the fluid, and the question is one of a purely abstract 
nature, viz. what shape shall be given to a body so 
that while its volume and surface continue lo be of 
the Eune magnitude, it will suffer the least possible 
KaUtaoce in moving through a fluid? It will be ap- 
parent that many conditions must enter into the con- 
icniction of an animal, corresponding to its various 
pnipertieE and functions, independently of those in virtue 
of whidi it impels itself through tbe deep, or cleaves the. 
•ir. The detection of verifications of tbe results of 
theory in the works of nature is in general so seductive, 
that writers ate sotnelimes tempted to overlocAi; tKe u\i> 
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cvitsbic cauEes of discrepancy in their 

upon analogieB of this kind. Without, however, seeldnf 

in lutural objects the exact Bolution uf a mathenisncat 

problem unencumbered by vaxious conditions which na* 

ture has to fulfil, the exainples which have been produced 

give abundant manifcBtacion of deEign in the worki of 

the Creator, which is, or ought to be, the chief sDorct 

of the delight which attends such iUnstrations. 

{1 10.) The resiatance arising from the quantity of 
fluid displaced by the moving body may, therefore, he 
always greatly diminished, and in some cases rendered 
almost insignificant by a proper adaptation of its shape. 
The accumulated resistance arising from the increued 
speed of tnntion is, however, an impedimeut which no 
art can remove. The fact that the resistance of a liquid 
to a body moving in it increases tn a prodigiously rapid 
proportion in respect of the increase of velocity, is one 
which seta on impassable limit hi the expedition of 
transport by vessels moving on the surface of water. 
This property has long been well known ; but it has re- 
ceived greatly increased importance from the recent im- 
provements in the application of steam. If a certain 
power be required to impel a vessel at the rate of €« 
miles an hour, it might at first view be thought that 
double that power would cause it to move at the rate of 
ten miles an hour ; hut, li-om what has been already 
proved, it will be perceived that four timea iJie power ia 
necessary to produce this effect. In like manner, to 
canse the vessel to move at the rate of fifteen milea an 
hour, or to give it three times its original speed, nitK 
times the original power is necessary. Thus it followa, 
that the expenditure of ihe moving principle, whether il 
be the power of a steam engine or the strength of anj- 
mals, increases in a much larger ratio than the incrcaK 
of useful effect. If a hoat on a canal be carried three 
miles an hour by the strength of two horses, lo carry ft 
ax miles an hour would require four timea diat nun ' ~ 
or eight horses. Thus double tlie work would be 
flited at four times the ex^etvae. 
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(111.) These COnEideralions place in a conspicuoui 
point of view the advantages whicli transport "by steam 
Bi^nes on rail roads possesaes aver the means of car- 
riage fnraished by inland navigation. The moving 
power has in each case to overcome the inertia of the 
load j but the resislAnce on the road, instead of increaeing 
u In the canal in a faster proportion than the velocity, ' 
does not increase at all. The friction of a carriage on a 
nil road moving sixty miles a3i hour would not be 
greater than if it moved hut one mile an hour, while 
die resiatance in a river or canal, were such a motion 
poBdble, would be multiplied 3600 times. In propelling 
a carriage on a level rail road the expenditure of power 
will not he in a greater ratio than that of (he increase of 
(peed, and therefore the cost will maintain a proportion 
with the useful efiect, whereas in moving a boat on a 
canal or river every increase of Kpeeil, or of useful effect, 
entiuls an enormously increased cousumption of the 
moving principle. 

But we have here supposed that the same means may ' 
be resorted to for propelling boats on a canal, and car- 
riages on a rail road. It does not, however, appear 
hitherto that this is practicable. Impediments to the 
use of steam on canals have hitherto, except in rare in- 
stanees, impeded its appUcation on ihem ; and we are 
forced to resort to animal power to propel the boats. We 
have here anotlicr immense disadvantage to encounter. 
The expenditure of animal strength takes place in a far 
greater proportion than the increase of speed. Thus, 
if a horse of a certain strength is barely able to trans- 
port a given load ten miles a day for a continuance, two 
horaes of the same slrengtli will be altogether insufficient 
to tranaport the same load twenty miles a-day. To ac- 
complish that a much greater number of aimilar horses 
would be requisite. If a still greater speed he attempted, 
the number of horses necessary to accomphsh it would 
be increased in a prodigiously rapid proportion. This 
will be evident if the extreme case be considered, via. 
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(lut thcie U a limit of speed which the honea under no 
(arcumataiices can exceed.* 

The aBtonUbmcQt which boa been excited in the 
public mind, by the extraordinary results recently eilii- 
Vted in propeUing heavy carriages hy steam enginEi in 
rail roads, will subside if these circiunstftnces be dnly 
considered. The moving power and the resistance lie 
naturally compared with other moving powers and rft- 
ristances to which our minds have been familiar. To 
the power of a steam engine there is, in fact, no praedcal 
limit ; the size of the machine and the strength of the ma- 
terials excepted. This is compared with agents to whose 
powers nature has not only imposed a limit but a nar- 
row one. The strength of animola ia circumscribed, 
and their power of speed atill more bo. Again, the re- 
sistimce arising from friction on a road may be dimi- 
nished by an without any assignable limit, nor doei it 
■nslain the least increase to whatever extent the speed 
of the motion may be augmented ; on the contrary, the 
motion of a vessel through a canal has to encounter « 
resistance by increase of speed, which soon attains an 
amount which mould defy even the force of steam iisdf 
e it apphcablc to overcome it with any useful ettwt. 
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(112.) The term " hydraulic machinery," in iu 
general senee, is understood to comprise all luachinee in 
irhich the force of wat«r is used as a prime mover, and 
elso Ihow in wliich other powers are applied for the 
purpose of raising or impelling water itBelf. Many of 
these machines, however, owe their efficacy to principles 
and pTopertiea, the investigation of which properly be- 
longs to departments of physical science foreign to that 
which forms the sulyect of the present treatise. We 
shall, therefore, here confine our observations to such 
machines, or parts of machines, as admit of cKpIanation 
by the principles of hydrostatical science, combined with 
tbe ordinary principles of mechanics. 

(113,) The most usual way in which water is ap- 
plied aa a prime mover to machinery, is by causing it 
to act either by its impulse in motion, or by its weight 
on the circumference of a wheel, in a direction at right 
angles, to the spokes or radii, and thus to make the 
wheel revolve and communicate motion to its axis. 
This motion is transmitted in the usual way, by wheel- 
work and other contrivances, to the machinery which it 
is required to work- 
Water wheels vary in their construction, according 
to the way in which the force of the liquid is intended 
to he applied to them. The principal forma which they 
assume are denominated over^t, undershot, and bieaet 
wheels. 
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Overthot Whiel. 
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(114.) The most common form of the overshot wheel 
la represenled io Jig. 73. On the rim of the wheel b 
number of cavities, called buckets, are conHtructed, which 
in the figure are exposed to view, by supposing one of 
die sides which enclose them to be removed. IVhal 
may be catted llie mouths of the buckets are all presented 
in one direction in going round the wheel, and by thii 
means the buckets on one aide will always have ' ' 




■I means the 

^^H ttwnithB presented upwards or nearly so, while those 
^^^ en the other side will have their mouths presented 
^ downwards. It follows, therefore, tliat the buckeB 

OD the side fi are in such a position that all of 
them are capable of containing some water, and some 
of them of being kept filled, while those on the side 
D are incapable of retaining any liquid. Let ui 
suppose a stream to How from F into the bucket 
marked 1. The weight of the water which fills ttui 
bucket will cause the wheel to turn in the direciiaa 
12 3, kc, and the other buckets will successively cone 
under the stream, and become filled ; and this continuflt 
nntil the range of buckets from A to B are filled. A» 
the buckets approach B they begin slightly to lose ibe 
liquid by their change of position, and after pas^ng B 
this loss is rapid, so that before they arrive at the lowed 
point C, they are empty, and in that state they ascend 
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round C D to A, where they ore again tepleniahed. 
appears, therefore, that there is a weight of v 
tinually acting on one side of the wheel, distributed in 
the buckets from 1 to 8, and that this weight is not 
neutralised b; any corresponding weight on the opposite 
ride. The wheel is, therefore, kept continually revolving 
in the direction A B C D. A rcf^ence to the proper- 
ties of the lever, or the whed and axle as explained ii 
Mechanics *, will make it apparent that the water c{rt^ 
tained in the several huckets is not equally efficacious ir 
giving motion to the wheeL The weight of the wacei 
which fills the bucket 1 has the same eflfect in turning 
the wheel as an equal weight acting downwards s 
would have in turning the lever D B on the centre 
In like manner the weight of the water in bucket 2 has 
the same efiect in turrung the wheel, as a similar weight 
acting at A would have in turning the same lever D B. 
Now if the weights be the same, the efficacy to turn the 
lever will be increased in the proportion of O o to O 6. 
Although the contents of the bucket in passing from I 
to S may experience a slight diminution, yet this loss 
is perfectly insignificant compared with the advantage 
of the increased leverage O b. In like manner the 
leverage continues to increase ; that of the bucket 3 being 
Oc, of 4 being O d, and, finally, the bucket 5 having 
the leverage of the whole radius. After passing below 
B the leverage begins, on the contrary, to decrease, and 
continues to decrease until it arrives at C. From these 
circumstances it is obvious that the efficacy of the wheel 
will, in a great degree, depend on giving the buckets 
Eitch a form as will cause thera to lose as little water aa 
possible until they pass the point B, where they have 
the greatest mechanical advantage. As they approach 
C the circumstance of discharging their contents becomes 
of less importance because of the decreasing leverage. 

MiUwrigbts have expended much ingenuity in con- 
niving forms for the buckets, calculated to retain the 
water in those parts of the circumference where its 
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s most efficacious, and to discharge it with fici- 
4t; and expedition. SetaiU on this subject would, bow- 
BWer, be misplaced in the present treatise. 

Numerous esperiments have been made to delenniBe 
moat advantageous size of overshot wheels, and ihe 
: velocity at which the; can be worked. Most 
■"Authors are of opinion, that the diameter of an overBhot 
I 'wheel should never exceed the lieight of the fall of wster 
r -by which it is impelled ; but that it should be as nearly 
equal to this as is consistent with giving the water suf- 
ficient velocity on entering the buckets. Some, how- 
ever, think, that the diameter might with advantage 
even exceed the height of the falL With respect W the 
velocity of the wheel, some maintain that the slower tfae 
motion the greater will be the effect; while others hdd 
that there is a certain velocity (of very small amoonl) 
which will give a maxiniiini effect, and assert that tbott 
who maintain the contrary opinion have not curried thai 
experiments to a sufficient extent to establisli die prin- 

It requires little reflection to be able to perceive hmr 
the useful effect may be greatest when the wheel movei 
with a certain velocity, any increase or decrease of (hit 
Telocity diminishing the actual quantity of work done in 
K given time. The power of the wheel being the Min^ 
• the velocity with which it moves will be less in propoi* 
I Jtion as its load is increased. Suppose a water wheel 
' -works a flour mill, in which, at different times, it hat 
' to move a different number of millstones, it is eviiteal 
that the greater the number it has to move, the slower nS 
he the motion which it will impart to each ; and, there- 
fore, although the quantity of flour produced will be 
increased by increasing the number of atones, yet the 
quantity which each stone will product! will be ■""'in?*'"^ 
by the increased slowness of the motion. There it > 
certain velocity at which these effects mutually nentnl* 
ise each other, and at tliis velocity the useful eSbct ii It 



Suppose the power of the wheel is expended on a 
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irg the miTetonefi witliout being fed with com ; the 
velocilj of the wheel will then evidently be greater than 
if the resistance of the grain were opposed to the power. 
The useful effect will, however, in thia case be nothing; 
the whole power being expended on moving the unloaded 
machine. Let one pair of stones be now called into 
action ; the velocity will be immediately diminished by 
the increased resistance, and Che useful effect will b« 
estimated by the quantity of flour produced by the 
single pair of stones in a pven time, as one day. Let 
two pair of atones be cow called into action ; the resist' 
ance being further increased, the velocity will sustain a 
corresponding diminution. The ffrst pair of stones wiQ 
produce a less quantity of flour in a day than they did 
before the second pair were called into action ; but this 
will be more than compensated for by the quKntiCy of 
flour produced by the second 'pair, which before were 
unemployed. The same reason wjll be apphcable if a 
third pair be called into action, and so on. Now it is 
evident that the wheel may be required to move so many 
pairs of stones, that its whole power will be necessary 
barely to give them motion, none remaining to overcome 
the additioiml resistance offered by the com with which 
tliey are fed. This resistance wiU then stop all motion, 
and no work will be done or useful effect produced. It 
is evident that as the machine gradually approaches this 
Umiting state, the useful eflfect will diminish by degrees 
before it altogether vanishes ; and the point at which it 
commences so to diminish is that at which the ma- 
diine has the velocity which produces the greatest ttseful 
effect. 

" Experience," says Sraealon, " proves that the ve- 
locity of three feet in a second is applicable to the 
highest overshot wheels as well as to the lowest ; and all 
other parts of the work, being properly adapted thereto, 
will produce very nearly the greatest effect possible. 
However, this also is certain from experience, that high 
wheels may deviate farther from this rule before they 
will lose their power, by a given all<^uol ■pait ot 'Jiift 
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^^H:A- 76., nearly Ml alerel irith the axis of the whed, 
^^^L ^ nuU-coDTse below that point is accominodaied (o liie 
^^^■'rfupe of the wheel, so that the float boards turn nearij 
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bo.inlE niul tliL niill-coutse ihus serie the same purpasf 
as buckets in the overshot wheel, and the water encloMd 
Id them turns the wheel by its weight. 

Barker's Mill. 
(117.) The machine known by this name ronsuCt of 
I B hollow upright tube of metal, A B, fig. 77-, temiinal- 
fng in the upper end B in a funnel, and attached to tn 
npright axie C D, on which a toothed wheel is fixed, 
from which motion may be communicated to any m»- 
chinery. The hollow tulle BA communicates with * 
croEa tube E F closed at the ends, and the upright tube 
A is closed at the lower end, and terminates in a paint 
or pivot, which turns freely in a hollow cone adapted to 
receive it. The whole is enclosed in a frame, md im- 
mersed in a reservoir. Let water he supposed to If 
supplied to the funnel B, from a pipe G, and let ihc 
upright and cross tubes be thus filled. The wMR 
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standing at the level B, a pressure is excited on every 1 
part of the cross tube E F equal to the weight of a 
column of water whose height is A B. But since this 
pressure acts equally in every possible direction on tlu 
tube E F, it will keep the tube in equilibrium, and no 
motion will ensue. Let two holes be now pierced in 




opposite sides of the tube G F, and near the ex (rem i ties, 
and let the water be supplied at G as fast as it Sows 
from these holes, so that the level B will be maintained. 
Those parts of the tube E F, from which the water 
issues, will thus be relieved from the pressure above 
mentioned, but the corresponding points on the opposite 
cades of the tube will still continue to sustain the same 
pressures. These pressures are, therefore, no longer 
counterbalanced, since they both tend to make the tube 
MTolve in the same direction. The arms £ P will, 
), immediately commence to revolve, and will 
the upright tube round on the pivot, giving motion 
ii the same time to the toothed wheel above. This 
may be communicated to any kind of machinery. 
ime elementary Works on hydraulics the operttioa 



it this machine b explained on toIaUy nrong prii)d[da. 
" ioD is said to be produced by die le^sunce of 

) the issuing water. It would be easy to KfaXe 
8 abBurd notion upon theoretical principles ; but, per- 
■ haps, the argument most intelligihte to those who j^ve 
Buch an CKplanatioD is \o bid them try a modd of 
Barker's mill in vacno. The motion is produced an a 
principle preusely similar to that wliich causes a gun Id 
recoil when discharged. 

I Ar^imtdet' Screm, 

' (I IS-) This instrnment is said tobavebeeQ inTcniad 
by Archimedes when in Egypt, ibr the purpose of en- 
aiding the inhabitants to clear the low grounds from the 
Bt^foant water which remained after the periodical otct^ 
flowings of the Nile, It was also use! instead of > 
pump to clear water from the holds of vessels ; and 
Athensus states that the menior; of Archimedes wai 
venerated by sailors for the benefit thus conferred on 
them. 

The instrument may be presented under difierent 
forms, whicii, however, all agree in principle. Suppose 
a leaden tube to be bent into a spiral form lite a cork- 
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Snppoie A the extremity to be open and presented up- 
Wtrds, and suppoEe the sciew Us \3e ^\acei vn »n \'n!Sai»&. 



oalP. X. ABcbihgdgb' gcBEtr. 507 

poaition, as represented in the figuie. From its pecn- 
lisT form and position it is eviilent tliat commencing at 
A, the GCiew will descend until we arrive at a eertaJD 
point, B ; in proceeding from B to C it will ascend. 
Thus, B is a point bo eituate that the parts of the screw 
on both sides of it are more elevated than it is, and 
iLerefore if any body were placed in the tube at B, it 
could not move in either direction B A or B C, with- 
out ascending. Again, the point C is so situate, that 
the tube on each side of it descends ; and as we proceed 
we find another point, D, which, like B, ia so placeil 
that the tube on each side of it ascends, and, therefore, 
that a body placed at D in the tube could not move in 
either direction without ascending. In Uke manner 
there are a series of points, P, H, &c., continued along 
the whole length of the spiral, which are eireumatanced 
like B and D; and another series, E, G, &e., which are 
drcumGtitnced like C. 

Let us now suppose a ball, less in size than the bore 
of the tube, ao aa to be capable of moving freely in it, 
to be dtopt in at A. As the tube descends from A to B 
the ball will descend by its weight, a% it would down an 
inclined plane, until it arrive at B. The force which 
it acquires in its descent will carry it beyond this point, 
and will cause it to ascend to a small distance towards 
C ; but its weight soon destroys tlie force which it 
has retained by ita inertia, and after a few oscillations 
on each ride of B, its motion will altogether be destroyed 
fay the friction of the lube, and it wiU renialn at rest at 
that point. 

Now suppose the ball for s moment to be fastened or 
attachcil to the tube at B, so as to be incapable of mov- 
ing in it ; and suppose the screw to be turned nearly 
half round. Bo that the end A shall be turned down- 
wards, and the point B brought nearly to the highest 
point of the curve ABC. It is evident that the series of 
paints B, D, &c. which were before situate so as to have 
ascending parts of the tube on each rade of tliem, are 
now in die very contrary predicament, bavin;^ mtsi- 
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equaUy true, if a drop or any quantity of a liqiud were 
contained in the tube instea<l of the bill. Therefore, if 
tile extremily of the Enew were immersed in a well or 
ri^ervoir of water, eo that the water would by its weigbt 
or pressure be coDtinuallyforc^ into the extremity of the 
tube, it would, by turning the tube, be gradually caiiied 
along llie spiral to any height to wliich it may extend. • 

From the explanation given above it is clear, that it 
IB essential to the pCTformance of this machine that the 
elevation of the spiral above tile horitoDtal poaition GhaoU 
not exceed a certain Umit. In fact, in each spire of the 
tube a certain point must be found, on either mdeot 
which the tube ascends. Now it is apparent that (he 
tube may be so elevated in its position, that tJie part of 
the tube which proceeds towards the lower extremity of 
the screw will descend in every ]>art of the tube: lUl j 
will be quite evident if the screw be supposed first to bt . 
placed in a perfectly upright position. Under suth cif" 
cumstances it is obvious, that if the ball were placed 
any where in the tube it would fall down to the lowol | 
point : a sligbt inclination from the vertical poailion viQ 
not prevent this from happening ; but if the screw re- 
ceive such an inclination, that in each spire a point will 
be found so placed that the part proceeding towards ik 
lower extremity shall ascend, then the ball placed ti 
such a point will remain at rest ; and, if the screw k 
turned, will ascend, as already explained. 

In practice, the spiral channel through which the 
water is carried is not in the form of a tube. A sectito 
of the instrument, as used in practice, is represented in 
fig. 80. 

The screw possesses an advantage over conunon pumpi 
In being capat>lc of raising water which is not pan, 
being mixed with gravel, weeds, or sand. The acre* 
may be kept in a state of revolution by any of the lunu! 
moving powers. Dr. Brewster mentions that an excel- 
lent engine of tliis description was erected, in 1816, » 
Hurlet alum works, upon the water of Lerern DMt 
Paisley. This engine was moved by a water wheel, 



which communictited hj a long s]iaf^ with the ei 
a. bevelled wheel was constructed on the screw, which 
worked in anotlicr bevelled wheel on tlie extremity of 
the shaft ; another bevelled wheel on the axle of Hie 
ng. BO. 

water-wheel, worked in a corresponding wheel on the 
otlier extremity of (he shaft. The screw was thus kept 
in conaUnt revolution by the fall of water which suppUed 
the rescrroir, from whence the same water was to be 
raised by the screw itself. 

The Sluice Governor. 

(119-) In explaining the operation of water wheels, 
it was shown that there was a certain velocity at which 
the useful eifect resulting fiaia them is a maximum. 
Any deviation from this rate of motion, whether by 
increase or decrease, must be attended by a c^espond- 
ing loss of power: but, since the water in the mill course 
must, from obvious natural causes, be subject to con- 
aiderable fluctuations in its quantity and force, the ve- 
locity which it would communicate to the wheel would 
nndergo proportionate variations. It ia, therefore, ne- 
cessary to provide some means of controUing the quantity 
of water and measuring out the power, so as to maintain 
a steady velocity in the wheel. 

Independently of the fluctuating energy of the power, 
changes of velocity are hable to be produced by occa- 
sional changes in the amount of the load or resistance. 
Thus, in a com mill, if a greater or leas -D.iui^Qe'c qI 
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ptin of ttoDes are in action at one time than a\ 
proportiouatelf increased or diminished supply o 
moving power will be necessary to give the wheel the 
nine velocity. 

The necessity of regulating the motion of the wheel 
does not, however, alone arise &om the advantage of 
causing the moving power to produce the greatest pot- 
•ible effect. The nature of the work to be performed a 
almost in every case eucli as requires the machinery to 
be moved with a cerUtin velocity. Thus, in a ceaa 
mill, if the speed surpass a eeitaia limit, the flour becomei 
heated and ii(jured. Spinning and weaving machinery, 
in like mtniier, requires to be conducted at a certain 
rate, any irr^;ularity in which must injure or destroy 
the fabric of the manufacture. 

For all these reasons the power, whatever it be, whidi 
gives motion to machines or factories, must be so regn- 
lated, as under every change of circumstances to produce 
B imiform motion ; and the same contrivance, usually 
called a governor, has been found to be applicable to mov- 
ing powers, differing very mucli in their nature, such u 
water, »tcam, &c. Tills instrument has already been 
tkscribed in the treatise on Mechanics in thin Cydi>- 
pKdia ', in its appUcsCian to the steam-engine. It may 
not be uninteresting here, however, to explain its aj^ili* 
eadon in r^ulating the motion of a water wheel. 

JtD, Jig. 81., ia» shaft to which a grooved wheel W 
is attached ; round this wheel a rope is carried, which 
is moved by a corresponding wheel placed on some shift 
in the machinery moved by ihe water wheel. B B are 
two heavy bolls attached to rods B E F, which play upon 
a joint at E. These are connected by joints at F, irith 
other rods F H, which are jointed upon a ring at H, 
which slides up and down the shaft D D. This ring it 
connected with the cnii, I, of a lever, whose ftdctum is 
at G, and which has at the other excremily a ring or 
fork. A, which embraces the axis of a double clutch, Q, 
in nich a mamier as to allow this axis to torn £redj 

■ Cib. Pre. MechinlB, cbliLXrt. 
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within it. This duuh Q is itself placed upon a. eh&ft 
or asis, on which it ia capahle of sliding freely up cir 
dawn, but on which it c&nnot turn ttithout causing the 
shaft lo revolve with it. The effect of the arrangement 
hayd egcribed is evident. 

JF^. 81. 




If the balls B B be raised from the axis and drawn, 
u it were, asunder, ilie rods turning on the pivot E will 
cause the cvtremities F also to separate, and increase 
thdr distance from the axis. This will draw the roda 
FH in the same direction, and cause (he ring H to 
descend, drawing the extremity I of the lever with it. 
The other extremity A wUl thus be raised. If, on the 
other hand, the balis B B be brought nearer the axis, 
the contrary effects wOl be produced, the extremity I 
\mng raised, and the extremity A lowered. In the one 
esie the forlt A will raise the clutch, and in the other will 
lower it, causing it to slide along the shaft L M. 
this shaft are placed two bevelled wheels O P which 
move loosely upon it, turning independenl oi ftie AisS^. 
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A third bevelled wheel R works in bolh of these, turn- 
ing them in oppoate directions. This wheel recaves 
iu motion from the shaft DD, with which it is con- 
nected by other wheelfi tiol represented in the flgniB 




a here explained the sbaA IiH 
ii at rest, having the bevelled wheels O P tunuae 
fVecly on it in opposite directions, anil the machinery >) 
wpposed to be moving with the proper vdodty. 

Now suppose this velocity from any cause to undeigo 
s sudden increase. By reason of the increased ceotri- 
f\igal force arising from the wliirling motion^ the twll< 
B B will receiie from the shaft D D, and, as iIrxI)' 
explained, will cause the clutch Q to rise towards the 
b«vell«il wheel P. This dutch bears four pngeelirs 
{lieecs en the face presented towards the bevelled ■(rfwl. 
which arc pressed by the end A of the lever into ew- 
mpontliiig cavities in that wheel. When thia Ukn 
yiatv, ihr clutch is compelled to revolve with the vbcdi 
ml llw axis revolves with the clutch. 
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Again, let it be supposed that the velocity of the 
machinery becomes diminished, from any cause. The 
centrifugal force produced by (he whirling motion of the 
balls B B being thus diminished, the balls will have a less 
tendency to recede from the axis D D, and will therefore 
fall towards it : this, as already explained, will cause 
the extremity of the lover A to move downwards on the 
■baft L M, and projecting pieces on the opposite face of 
the clutch Q will fall into cavities on the bevelled wheel 
O, in the same manner as alreaily described with respect 
to the bevelled wheel P. The clutch Q, and the shaft 
L M, will now be compelled to revolve with the wheel 
O, ina direction opposite to that in which it revolved in 
the former case. It will therefore be perceived that any 
deviation in the velocity of the machinery from that 
T^city which, from its nature, it ought to have, will 
cause the shaft L M to turn in the one direction or in 
the other, according as the motion is increased or slack- 
ened. This shafl communicates by means of an endless 
screw, with a rack or toothed arch, which works a sluice 
gate, as represented in the figure ; and when the shaft is 
turned in one direction, it closes the gate so as to diminish 
die supply of water, and when it is turned in the oppo- 
site direction, it opens the gate -so as to increase its 
supply. Thus, when the machinery receives an undue 
increase of speed, the sluice-gate is closed, and the sup- 
ply of power diminished, and the velocity checked: when 
the motion is reduced to its proper rate, the balls B B 
fall to their proper distance from the axis, and disengage 
the dutch from tlie bevelled wheels, and all further action 
upon the sluice-gate is slopped. Wlien the machinery 
receives an undue diminution in its rate of motion, the 
same effect is produced by the other bevelled wheel open- 
ing the flood-gate. When the proper rate of motion ia 
restored, the balls B B rise to their first position and 
disengage the dutch. 

Thus tlie machinery is constantly caused to move at 
a uniform rate, and the governor is adjusted in the first 
iuBtance, so lliat the clutch shall be diseng.ag.eiSuHnNwSB 
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unless its expulsion be limited by the operation of ade- 
quaie forces, confining tC within certain dimenraone. 

_, J The inoBt obvioas and ftmiliar ex- 

i^-n" ample of the physical state here rc- 

jT ferred to is that of atmoapheric dr. 

^^^^^_— 3 Let AB, fig. 1., be a cylinder in which 
^^^^1 a piston F moves air-tight, and lel us 
^^^^^ suppose that a small portion, as a cubic 
^^^^H inch of Rtmoapheric sir in its conunon 
^^^^H state, be contained between the piaUu 
^^^^^1 and the bottom of the cylinder ; sup- 
^^^^1 pose the piston now drawn upwsrds, 
^^^^1 M in J^. 3., BO as to increase the spue 
^^^^1 below it to two cubic inches. The ait 
I^^^H nill not continue to fill one cubic inch, 
^HBHI leaving the other cubic inch unocm- 
mi pied, as would be the case if a solid 

or liquid h»d been beneath the pisun 

in the first instance ; but it will expand or dilate until 
it spread itself through every part of the two cnUc 
inches, so tliat every part, however small, of this spsce, 
will be found occupied by air. Again, 
suppose the piston further elevated, m 
that tlie space below it shall amount to 
tiiree cubic inches ; the air will still fur- 
ther expand, and will spread itself 
tlirough every part of the increased 
space ; and the same effect would COiw 
to be produced, to whatever ex- 
tent the space might be increased throu^ 
which the air is at liberty to circulate. < 
Tliis quality of expanding, as the 
surrounding limits are eularged, ha* 
I p caused air and every body existing in 
that state which gives it the like pro- 
perty to be called an elastic Jiuid ; and, 
in contra'listinction to this, liquids 
whose particles do not repel each Dlfaer, 
) as to produce the same effect, an 
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nlled ineloHle Jintdt. Thas the mechanicsl iheory 
of inelastic fluids forms ihe subject of Hydkostaiics, 
tmd that of elastic fluids the subject of Pneumatics. 
Ab water, the moBt cammon of liquids, is taken as the 
type or example of all others, the name Hydrostatics 
IB taken fiom two Greek vords, signifying water and 
equilibriuni. In like manner, air being selected as the 
mott familiar example of all elastic fluids, the came 
Pneumalici is borrowed from a Greek word signifying 

(132.) The qnaDtieB depending on the aeriform state 
cannot properly be taken as the baas of tlie classification 
of the species of bodies, because, by the agency of heat, 
all bodies may be reduced to this state ; and although 
in every instance the question has not been brought to the 
actual teat of experiment, yet there are the strongest 
analogies in support of the conclusion, iliat all aerifoim 
bodies, including the alraosphere itself, are capable of 
being reduced to the liquid, and even to the solid form. 
We are, therefore, to regard the properties investigated 
in the three brandies of physical science respecting 
solids, liquids, and gases, not as pecuhar properdes of 
distinct species of bodies, but as quahties which will 
appertain to all bodies whatsoever, according as they are 
^ected by certain external agencies. 

Water affords a convenient example of the truth of 
these observations. In the state of iee, its properties 
come under the dominion of mechanics *, commonly so 
called. When exposed to temperatures which no longer 
permit its existence in the sohd state, it loses some of 
those properties and acquires others, which hand il over 
to the sway of Hydrostatics. A further increase of 
temperature will cauae it to pass into the state of vapour 
or steam, and impart to it those qualities which nppro- 
priate its investigation to Pneumatics. 
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Snce, liy imparting beat ccntinuallj to » bodj, it is 
mftde la pus succesdrely from the solid to the hqiud, 
■nd iTOtn \be liquid to the gaseous stale, and bj cun- 
tinuBUy abettuctiog be»l it mmj be tTBDEferred in >Iie 
oontmy diiection from the gaseous to the liquid, and 
IWin the liquid to the sohd stale, it might, peihaps, be 
inferred that all bodies in the solid state tuust be colder 
than those in the liquid, and all liquids colder than 
bodies in the gaseous slate. Such an inference, however, 
may be proved to be unfounded in two ways. 

1. Bodiei of diK^nt kinds pass from the one to the 
oAw of iheae states at difierent temperatuie* ; thus, to 
cmse water to pus from the hquid to the solid stale, it 
is necessary to reduce its temperature to 33° of the com- 
mon thermometer ; but if ne would reduce quicknlni 
from the liquid to the solid state, a much more dimin* 
isbed temperature must be produced. Thua it maj bt 
perceived tharnater in the lolid state majr be u a mniib 
higher temperature than mercury in the liquid tialft 
Again, to cause vUei to pass from the liquid to the gtlf 
ecus state, it is necessary, under ordinary circumstance^ 
to raise its temperature to SI2° of the common tbenno- 
meter. Now to cause mercury to pass from the liquid to 
ihe gaseous state would require its temperatiuc to ht 
raised to above 650''. Hence it appears that water in 
the aeriform state may have a ranch lower degree of hell 
than mercury in the liquid state ; but 

S. The error that we have just noticed arise* pHtl| 
from the supposition that all the heat which a body «»• 
tains b in a state to aSect the senses or the thernioiiiHtf- 
In other words, it is supposed that so long as abodyctO' 
tinues to receive heat from fire applied to it, or fiom any 
Other source, so long its temperature will increase, and ibc 
body will become hotter. That this euppositioa b erro- 
neous is easily prored. Let a quantity of ice at the ton- 
perature of 33° be placed in a vessel containing six times 
its quantity of water at the boiUng heat. The water wiH 
immediately be^^n to lose its heat by imparting it to tbc 
ice J but, meanivhile, tlte temperature of the ice will DVt 
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be increased. After tlie lai)Bc of a sufflcient time, the 
whole of the ice will be liquefied and intennixed with 
the water ; and it will be fouud that the entire contents 
of the vessel in the liquid stale have the temperature of 
only 82°. Now here it is obvious that the water origi- 
nally contained in the vessel has lost so much of its beat 
as to be reduced to the temperature of the ice. But, on 
the other hand, the ice has not shown an increased effect 
on the thermometer or on the senses, notwithstanding 
the large quanlity of heat which it has most certainly im- 
bibed. The development of the theory, founded upon 
diia remarkable fact, does not belong to the department 
of physics with which we are at present engaged; but the 
mere statement of the fact is sufficient to prove that we 
ore not to infer, that because steam, and the water &om 
which it has been raised, produces the same effect on the 
thermometer or the senses, they therefore contain the 
same quaniily of heat, and that tlie fact of one body- 
being hotter or colder than anotlio- does not justify the 
inference that the one contains more or less heat l\mx the 

(13S.) As an elastic fluid has the property of dilating 
itself when the limits of the space within which it is 
confined are enlarged, it is also characterised and dislina 
guishedfrom solids and liquids by its power of yielding 
to any force exceeding the energy with wliicli its parti- 
cles repel each other, atid lending to contract the limlti 
of the Epacenithin which it is enclosed. This quality is 
called compressUiility ; and although under extreme cir- 
cumstances it is proved by experiment to exist in a alight 
degree m liquids, and, probably, is a quality in which 
all bodies in some degree participate ; yet it belongs so 
conspicuously to bodies in the gaseous form, that they are 
frequently denominated compressible ftitid^, in contradis- 
tinction to liquids, which are often called incompressUiie 
Jluidt. Upon the apphcation of great force liquids are 
found to yield in a very small d^ee in their dimen. 
aions ; this effect, however, is so slight, and produced 
nndet such estreme circumstances, that it ia fotmd that 
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• moJunical tfaeor; of liquids, proceeding upon duii 
Hiumed iDcompressihililjr. pves lesulis which hsie na 
Ttuiition from tltr sdual pheDomena of any practical im- 
poTtBDce. Such, bo-atWT, is not the case with elastic 
fluids ; thej yielil apon the applicatioa of inconiidenfalc 
prexiDre ; and thcj allow (heir dimenfaons to be coo- 
tncied in all cases to a ver; great extent, and in manj 
without any practical Umit. The consequences and bws 
of compresiiUUty and expanubiiity, as the; are found to 
exist in dastic fluids, will be more fully noticed here- 
after. 

(134.) Of the various elastic fluids wliich are obecTTed 
in nature, lomc have never been found in the liquid 
form ; and many of these hare never been by any pro- 
cras of art reduced to that form ; such, for example, if 
■tmospheric air: bodies of this kind are called penna- 
mt*tl)l daitic fiuidi. By these words, however, the im- 
piMiHulity of their reduction to the liquid state is not 
WrtwwV^ to be assumed ; it is only intended to ei^preia 
dl* ha, duU Aich reduction has not been made. The 
■MflM " nin" is also commonly applied to bodies of itiii 
Att. Vim bodies more commonly exist in the hquid 
MU», but by natural heat and other causes aomelinia 
nMi<r« the elastic form, the elastic fluid is called vnptnir: 
llwM, fOt example, when beat ts applied to quicksilver _ 
llw clastic fluid which is produced is called the vape 
^piicfaaln>r, and the process is called eaporisation. 
Hfhlrr liquids, mch as Kther, are converted ii ' 
If the cORinion temperature of the attnospben 
poor of water is called tteam. This tenn iteam, h 
«Mr, it •Dmetimes, though not with such st 
ttM4 aynoiiyinously with the word vapour. 

(Iitj.) Thoae mechanical properties of elastic fluii 
«Ucih hare (ivncrally been assigned to PMcotiATtCB U 
IIM qualitin wlijrh are found in atmospheric ur ; mfl 
af ihrM qualltirs extend without modification to I 
IIhIIo fluiil* whatsoever ; but (here are s 

■ „ nfim-ially when applied to vapour, require to M 
>| *>i>l iiii>ttiAi'<l by various circumsiancea wUi' 
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bdong rather to the theory of heat than to the suhject of 
the present treatise. There are also many circumstances 
Id be attended to in explaining the properties of various 
gases^ which belong to those departments of physics in 
whidi the production and constitution of these gases are 
explained. The province of pneumatics may^ therefore^ 
be considered as chiefly and immediately confined to the 
investigation of the mechanical properties of the atmo- 
sphere ; it being at the same time understood that the 
various theorems which shall be established are to be car- 
ried into other departments of physics^ there to undergo 
such restrictions and modifications as will render them 
applicable to vapours and the various species of gases. 
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(136.) The atmosphere is the thin Iransparent fluid 
which siirromiils the earth to a considerable height aboye 
itB BUrface, and which, in virtue of one of its consti- 
tuent elements, supports animfll life by respiration, and 
is necessary also to the due exercise of the v^ettble 
AinctionB. This substance is generally, but erroneoiuly, 
regarded as Invisible. That it is not inviEible may be 
proved by turning our view to the finnaineiit : that, in 
the presence of light, appears a vauU of an aEure or Uue 
colour. This colour belongs not to any thing which 
occupies the apace in which the stars and other celeetisl 
objects ore placed, but to the mass of air through which 
these bodies are seen. It may probably be asked, if the 
air be an azure- coloured body, why is not tliat which 
immediately surrounds us perceived to have this azure 
colour, in (he same manner as a blue liquid contained in 
a bottle exhibits Its proper hue f' The question is cosily 
answered. 

There are certain bodies which reflect colour so ikintly, 
that, when they exist in limited quantities, the portion 
of coloured hght which they transmit to tlie eye is in- 
ii:fficient to produce sensation, that is, to excite in the 
mind a perception of the colour. Almost &11 genu- 
transparent bodies are examples of this. Let a champagne 
glass be liUed wiili slieiry, or other wine of tliat eijour; 
at the thickest part, near lite to^ ot >^ %^bs&, xho '«\u 



will strongly exhibit iU peculiar colour, but as the glass 
tapers, and its thickness is diminished, tliis colour will 
become more faint ; and, at the lowest point, it will 
Ekimost disappear, the Uquid seeming nearly as eranspareat 

Now let a glass tube, of very small bore, be dipped 
in tbe same wine, and the finger being applied to the 
upper end, let il be raised from the liquid ; the wine 
will remain suspended in the tube ; and if it be looked at 
through the tube it will be found to have all the appear- 
ance of water, and to be colourless. In this case there 
con be no doubt that the wine in the tube has actually 
the same colour as the liquid of which it originally 
formed a part ; but existing only iti a small quantity, 
that colour is transmitted to the eye so faintly ai to be 
inefficient in producing perception. 

The water of the sea exhihiti another remarkable eX' 
ample of this efiect. If we look into the sea where the 
water has considerable depth, we find that its colour is a 
peculiar shade of green ; but if we take up a glass of the 
water which thus appears green, we shall find it perfectly 
limpid and colourlesa. The reason is, that die quantity 
contained in the glass reflects to the eye too small a quan- 
tity of the colour to be perceivable ; while the great mass 
of water, viewed when we look into the deep sea, throws 
up the colour in such abundance as to proiluce a strong 
and decided perception of it. 

Tbe atmosphere is in the same circumstances ; the 
colour, from even a considerable portion of it, is too faint 
to be perceptible. Hence tbe air which fills an apart- 
ment, or which immediately surrounds us when abroftd, 
appears colourless and perfectly transparent. But when 
we behold the immense mass of atmosphere through 
which we view thu iirmamcnt, the colour is reflected 
with sufficient force to produce distinct perception. But 
it is not necessary for this that so great axi extent of air 
should be exhibited to us as that which forms the whole 
depth or tliickneas of the atmosphere. Distant 
tAios appear blue, not because that is their colour, but 
« 2 
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the colour of the medium 
"ihey 

Although the preceding obserrations belong more pro- 
perly to optica than to our present subject ; jet still, 
since the exhibition of colour is one of the niBnifestationi 
of the presence of body, they may not be considered m 
foreign to an investigation of the mechanical propertiM 
of atmospheric air. The mind unaccustomed to phyoc*! 
enquiries fiDds it difficult to admit that a thing so li^t, 
attenuated, impalpable, and apparently spiritual, shonU 
be composed of parts whose leadii^ properties are iden- 
tical with those of the most solid and adamantine mawM. 
The knowledge thai we see the air must at least preput 
the mind for the admission of the truth of the propomtJOD 
that air ia a body. 

(127-) Among the properties which are obserred lo 
appertain to matter, and which, as far as we know, tie 
inseparable from it, in whatever form, and under what- 
ever circumstances it esisls, weight and inertia bold ■ 
conspicuous place. To be convinced, therefore, that air is 
material we ought to ascertain whether it possesses tbeie 
properties. In the subsequent parts of the present tnt- 
tise, we shall have numerous proofs of thiu ; but it wiO 
at present be convenient to demonstrate it in sudi l 
manner tliat we shall be warranted in assuming it, in 
some of the explanatlona which we shall have to oBfcr. 

(128.) The most direct proof lliat air has wd^t 
is the fact, that if a quantity of it be suspended ton 
one arm of a balance, it will require an absolute wd^ 
to counterpoise it in the opposite scale. By tiie aidaf 
certain pneumatical engines, the nature of which will be 
eiiplained hereafter, but the operation and effect* af 
which will for the present be assumed, this may be a.- 
perimen tally establided. 

Let a vessel, containing about two quarts, be fonotd 
of thin copper, with a narrow neck, in which is pUn>l 
a^lopcocl:, by turning wliich the vessel may be opeael 
or closed at pleasure. Let two inslninienta be protidcti 
called syringes, one the exliausling syringe, and the otbe 
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die condensing Byringe. The nature of these instnl- 
ments will be hereafter esplained. Let the exhausting. 
Bjringe be screwed upon the neck of the vessel, and let 
the stopcock be opened, so that the interior of the vet^sd 
diall have free communication with the bottom of the 
Bjringe ; if the syringe be now worked, a lai^e portion 
^ tlie air contained in the vessel may be withdrawn from 
it. When this has been done, let the stopcock be closet! 
to prevent the admission of air, and let the vessei be de- 
tached from the syringe. Let it then be placed in the 
dish of a well cotistnicted balance, wid accurately coun- 
terpoised by weights in the opposite scale. The weight 
which is thus counterpoised is that of the vessel, and the 
small portion of air which remains in it, if the latt^ 
have any weight. Let the stopcock be now opened, and 
die external air will be immediately heard rushing into 
the vessel. When a small quantity has been thus ad- 
mitted, let the stopcock be again closed. It wtU be found 
that the copper vessel Js now heavier, in a small d^ee, 
dl&n it was before the air was ailmitted, for the arm of 
the balance from which it is suspended will be observed 
to preponderate. I^t such additional weights be placed 
in the opposite scale as will restore equilibrium. The 
stopcock being now once more opened, the air wiU be ob- 
served to rush in as before, and will continue to do bo 
until as much has passed into the vessel as it contained 
before the exhausting syringe was applied. The weight 
of tlie vessel will now be observed to be fin-ther increased, 
the end of the beam from which it is suspended pre- 
ponderating. 

These facts are perhaps sufficient proofs that air has 
waght : but the experiment may be carried further. 
Let the condensing syringe be now attached to the neck 
of the vessel, and let the stopcock in the neck be opened- 
te as to leave a free communication between the vessel 
and the bottom of the syringe. The construction of this 
intrumeni, which will be explained hereafter, is such, 
tliat by working it an increased quantity of air may W 
forced into the vessel to any extent which the strength 
O 3 
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of ihe vessel is capaUe of bearing. A conEtderabl; in- 
rretaed quantity of air being thus deposited in tbevegad, 
let ihe stopcock be closed so as to prevent its escape. 
The vessel being detached from the syriage, is rectoMd 
to the dish of llie lialance ; the weights which coudio- 
poiseit it before the increased quantity of air was forcnl 
in Blill remaining unchanged iu the opposite scale. The 
Teasel will now no longer remain counterpoieed, but will 
preponderate, and will require an increased weight in the 
opposite scale to restore it to equilibrium. 

In this experiment we see that every increase which 
is given to the quantity of air contained in a vessel pro- 
duces a corresponding increase in its weight, and that 
every diminution of the quantity of air it contains pro- 
duces H corresponding diminnlion in its weight. Hence 
we infer, that the air which is introduced into or with- 
drawn from the vessel has weight, and that it is by the 
amount of its weight that the weight of the vessel is in- 
creased or diminished. 

We shall hereafter have many other instances of the 
gravitation of atmospheric air ; but we shall, for the pre- 
sent, assume the piinciple that air has weight, founded 
on the experimental proof just given. 

(180.) That air in common with all other bodies pos- 
sesses the quality of inertia, numerous familiar eSvctt 
make manifest. Among the eSecCa which betray tlu 
quality in solid bodiea, is the fact that, when one solid 
body puts another in niotion, the former loses as miicb 
force as the latt«r receives. This loss of force is called 
resistance, and is attributed to the quality of inertia, or 
inahihty in either tbc striking or struck body to call into 
existence more force in a given direction than previously 
existed. Wben the atmosphere is calm and free from 
wind, the parCirles of air maintain their position, and are 
in a state of rest. If a solid body, presenting a broail 
surface, be moved through the air in this stale, it must, 
as it moves, drive before it and put in motion those 
parts of the air which lie in the space through which 11 
passes. Now, if the air ha<l no inertia, it would leqttiit 



AIB. 931 

DO force to impart this motioii lo them, and to drive 
tbem before ihe moving solid ; and as no force would in 
that case be iraparted to iJie air, so no force would be lost 
bj the solid : in other words, the solid would suffer no 
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But ev^y one's experience proves this not to be the 
case. Open an imibiella, and attempt to out; it along 
Bwiftlj tvith its concave side preseutc<l forwards; it will 
inuuediately be felt to be opposed by a very considarable 
resistance, and to require a great force to draw it along. 
Yet this force is nothing more than what is necessary lo 
push the air before the umbrella. 

On the deck of a steam boat, propelled with any coa- 
giderahle speed, we feel on the calmest day a breeze di- 
rected from the eteva to the stem. This arises irora lh« 
sensation produced by our body displacing the air as we 
are carried through it. 

It ia the inertia of the atmosphere which gives effect 
to the wings of birdo. Were it possible for a bird (o Uve 
without respiration, and in a space void of air, it would 
no longer have the power of flight. The plumage of tbe 
wings being spread, and acting with a broad surface on 
the atmosphere beneath tlicm, is resisted by the inertia 
of the atmosphere, so that the air forms a fulcrum, as it 
were, on which the bird rises by the leverage of its 
wings. 

As a body at rest manifests its inertia by the rci^istance 
which it ofiers when put in motion, so a body in mo- 
tioii exhibits the same quality by the force with which it 
strikes a body at rest. We have seen examples of the 
resistance which the atmosphere at rest offers to a body 
in motion ; but the force with which the atmosphere in 
motion acts upon a body at rest is exhibited by exam- 
^ea far more numerous and striking. Wind is uotliing 
mc»e than moving air, and its force, like that of every 
other body, depends on the quantity moved and the speed 
of the motion. Every example, therefore, of the effect* 
of the power of wind is an exaniple of tlie inertia of a»« 
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ftc* belan the Burisce of die water exterior lo the veisel 
A B. This pressure^ acting upon the air inclosed in the 
vessel A B, forces it out the moment the stopcock C ia 
opened, and immediately the surface of the water wilMii 
A B rises to the level of the flurface nithout it. 

We have stated that the surface of the water within 
A B remains naifly at the mouth of that vessel when it 
is plunged in tlie reservoir. It would remain aractlg U 
the mouth, if air were incompressible ; but, on the con- 
trM7, this fluid is highly compressible, allowing itsdf to 
be forced into reduced dimensions by the application of 
adequate mechanical force. It is necessaT7, however, 
not to confound compressibility with penetrability. So 
far &om these qualities being identical, the one itopliH 
the absence of the other. A body is conpresiiible when 
the forcible intrusion of another bod; into the space 
within which it is confined causes its particles to retretl, 
and to accommodate their arrangement to the more 
limited space within which Ihey are compelled to eiist. 
The very fact of their thus retreating before the in- 
truding body is a distinct manifestation of their impene- 
trability. If they were penetrable, the body would enie 
the space in which tiley were confined, without driving 
ihera before it, or otherwise disturbing their arrange- 




(131.) Tub elasticity anil compresBibility of air havtt 
been already noticed. In tUe preBenl chapter we pro- 
pose to examine and explain these quolidea in nior« 
detail. 

It will be evident, upon the slighCeGt reflection, that 
the elasticity of air must be equal to the force which is 
necessary tu confine ic within the space it occupies. Let 
us suppose that A B,^. 6., is a cylinder; having a pb- 

Fig. 6. 
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ton P Btting air-tight at the top ; and let 
that this piston P ia not acted upon by any external 
force, having a tendency to keep it in its place. If the 
cylinder below the piston be filled with air, this air 
will have s tendency, by virtue of its elasticity, to 
expand into a wider space; and this tendency will be 
manifested by a preseure exerted by the air on all parti 
of the surfacei which confine it. The piston P will. 
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therefore, be subject to a force tending to diepli 
driTe it from the cjiliiider, the amount of which wiQ 
the measure of the elasticiCjr of the air beneath it. Nov, 
if this piaton be not sulyect to the action of a force iB- 
rected inirards, exactly equal in amount to the pressure 
thuB exdted by the elastic force of the air, it cannot 
maintain its poeition. If it be subject to an inoud 
force of less amount than the elastic pressure, then the 
latter wiU prevail, and the piston be forced out. If it 
be subject to aa inward force greater in amount than 
the elastic pressure, then the former will prevail, and the 
piston wilt be farced iii, the air being compelled to reutat 
nithin a more confined space. In no case, therefore, 
can the piston maintain its position, except when it ii 
subject to an ijiward pressure exactly equal to the elastic 
force of the air inclosed in the cylinder, 

The property of elasticity renders it necessary thai, in 
whatever state air exist, it shall be restrained by ad^ 
quate forces of some definite amount, and which serve u 
antagonist principles to the unlimited power of dilatation 
which the elastic property implies. In all cases which 
fall under common observation, air is either restrained 
by the resistance of solid surfsces, or it is pressed by the 
incumbent weight of the mass of atmosphere placed 
above it. It may be asked, however, whether it will 
not follow from tills, that the extent of our atmosphere 
is in6ni(ef for that, as we ascend in it, the weight of 
the superior mass of air must be gradually and un- 
ceasingly lessened; and, therefore, the force which re- 
sists the expansive principle being reiooved by degrees, 
the fluid will spread through dimensions which are sub- 
ject to no limitation. Although it is undoubtedly true 
that these considerations lead us justly to concluil^ that 
our atmosphere extends to ■ very great distance from the 
surface, and that the higher strata of it are attenuated 
to a degree which not only exceeils tlie powers of art to 
imitate, but even outstrips the powers of imagination to 
conceive ; yet still ihe understanding can suggcel a de- 
jfinite limit to this expansion. ^\un«iQUs ^\\-^«<uL 



logies * favour the concliuion, thai ihe divisibililf of 
matter has a limit, or that all material substanceE consist 
of ultimate constituent particlen or atoms, wliich admit 
of no further sabdivision, and on the mutual relations of 
which the form and properties of the various species of 
bodies depend. 

Now, those ultimate particles of the air arc endued 
■with a certain definite weight, because it is the aggre- 
gate of their weights which formG llic weight of any 
mass of air. It is a fact estaMished hy experiment, that 
in proportion as air expands, its elastic force is dimi- 
iiished; and, therefore, if it continue to expand, it will 
at length attain a slate of attenuation in which the dis- 
position of its constituent particles to separate by their 
elasticily is so far diminished, as not to exceed the gravity 
of those constituent particles themselves. In this state 
the two forces will be in equilibrium, atid the elastic 
force being neutralised, the particles will no longer be 
dilated. 

(1S2.) In these observations we have assumed a prin- 
ciple which is of the last importance in pneumatics, and 
which, indeed, may be regarded as forming the basis of 
this part of physical science, in the same manner as the 
power of transmitting pressure is the fundamental prin- 
ciple of hydrostatics. This latter principle, indeed, also 
extends to elastic Suids ; and all the consequences of the 
free transmission of pressure, which do not also involve 
the supposition 'of in compressibility, are applicable to 
elastic fluids with as much truth as lo liquids. But the 
principle to which we now more cEpeciatly refer, and 
which may be looked upon as tlie chief characteristic of 
this form of body, and necessary to render definite the 
notion of their elasticity, may be announced as fol- 

" The elastic force of any given portion of air is aug- 
mented in exactly the same proportion as the space 
within which it is enclosed is diminished ; and its elastio 
fiffce Is diminished in exactly the same pcoporLion aa 






eqnil to ihewaf^loT ■ colunm of thhtj indm 
trf mercury. The precaute of the Ufnospbere acting on 
the nirface E U transmitlnl by the mercury to the 
mrface F, and batancEH the elastic foro jnsl nita- 

Let the poation of the surface F be marked upon ibf 
tnbe, and let mercurT be poured into the longer 1^ U A. 
The increased pressure produced by the weight of itus 
mercury will be transmitted to the surface F, and will 
prevail over the elasticily of the confined air : this mi- 
foce will therefore rise towards D, compresBing the air 
into a smaller space. Let the mercury continue to be 
Fig. 10. poured in at A, unlU the surface F 

rise to F', fig. 10., the middle pcunt 
between the end D of the tube, and iD 
first position F. The air included is 
thus compressed into half its fonner 
dimensions, and its elasticity will be 
measured by the amount of the fiiice 
with which the surface A is pressed 
upwards against it ; this force is ibe 
weight of the column of mercury in 
the leg B A, above the level of F, 
' together witli the weight of the «t- 
nosphere preesiug on the top G of the 
column. Let a horizontal line be 
drawn from the surface F' to the leg 
BA, and let the column G H be ire*- 
aured ,- its length will be found to be 
accurately 30 inches, and its weight 
is therefore equal to the atmoapfaerie 
The fo'ce with which F' is pressed upwards 
is tlierefore equal to twice the atmospheric presaare, or 
to double (lie force with which P, in fig. g., was presMd 
upwartls. HencL' it appears, that the elasticily of the 
»ir confined in the space D ^,fig- 10., is double iu 
ibrroer elasticity when filling lhes]>aceDF,/3. y. Thai, 
vhen the ftir is compressed into half its volume. Its ela»- 
ttdty it doubled. 
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In like tnannet if mercury be poured into ihe tube^ ' 
HDtil ihe lir included in the Gbotter I(g is reduced to i 
third of its bulk, the compres&iDg force will be fouod to 
be three times the »tnn)Bpheric preBsure, anil ao on. 

(134'.} That Ihe elastiL-ity uf the air which surrouiula 
ufl is equal to the weight of tlie incuinbeDt atmosphere 
bas been proved inddeDtally in the preceding expeii- 
menC. Indeed, this is u propoEilion, (he tnitli of nhich 
must appear evident upon the alightest consideration, 
and which is manifested by iruiumeiable fanutiar eSects. 
If the elastic force of ilie air around us were less than 
the weight of the incumbent Btmaspherc, it would yield 
and suffer itself to be compressed until it acquired an 
dasdc force equal lo that weight. If it were greater Id 
amount than the weight of the incumbent atmosphere, 
it would overcome tliat weight, and woulit press the 
atmosphere upwards, until, by expanding, its elasticity 
were reduced to equality with the weight of the atmo- 
sphere ; and these effects are continually going forward. 
The incumbent atmosphere is sulgect to continual fluc- 
tuatioiiB in weight, as will hereafter be proved ; and the 
lowest stratum of air which surrounds ua is continually 
undergoing corresponding contractions and expansions, 
ever accommodating its elasticity to the pressure which 
it susE^ns. Also this sCralum of air is itself subject to 
changes of elasticity, from vicissitudes of temperature 
proceeding from the earth to which it is contiguout. 
These changes produce a necessity for expansion and 
contraction in it, even while the weight of the incumbent 
atmosphere remains unchanged ; but the full develop- 
ment of this last conaideraiion belongs to the theory of 
heat rather than to our present subject. 

(135.) An open vessel, which is commonly said to 
be empty, is, in fact, filled with air; and when any solid 
or liquid is placed in it, so much of the air is expelled 
as occupied the space into which the solid or liqidd en- 
tered. If such a vessel be closed by a lid or stopper, 
. the pretsure of the external atmosphere will act upoit 
every part of the exterior surface with an inteniitj pn>« 
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portioiiite to its weight. The air wUdi is endosed in 
the vessel wiU^ however^ act on the interior snrfiioe with 
an intensity proportionate to its elasticity. According 
to what has heen ahready ez^ained^ tiiia elasdcity is 
eqnal to the pressure ; and^ &eref ore^ there is a force 
tending to press the sides of the Tessd outwards^ exactly 
eqnal to the pressore acting on the exterior surface^ and 
tending to press them inwards. These two forces nea- 
tralise each other^ and the vessel is drcnmstanced exactly 
as if neither of them acted apcm it. 

When the operation and properties of some pnemna- 
tical instruments have been explained^ we shall have 
occasion to notice many other eSdcta of ^e elasticity of 
air. 
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(IS6.) In the history of human discDTery, there trefnT 
more bnpreasive lessons of humility (han that which is to 
be ctJlected from the records of the progress by which the 
pressure of the atmosphere which surrounds us, and the 
manner in which it is instrumental in producing some 
most ordinary phenomena, became known. Lookiiig 
back from the point lo which we liave now attuned, 
■nd observing the nuinerous and obvious indications irf 
this efilict whicli present tliemselvea at all times, and on 
■U occaaioDs, nature eeems almost to have courted the 
Iihilosopher to the diecovcry. With every allowance for 
ihe feebleness of tlie human imderstaiiding, and for the 
disadvantages which the ancients laboured under, as com- 
pared with more recent investigators ; still one is incUned 
to sttribule the lateness of the discovery of the atmo- 
spheric pressure and its effects not altogether to the 
weakness and inadequacy of the mental powers applied 
to the investigation. Tliere seems to be something of 
wilful penrerscncBs and obaiinacy insligating men to step 
aade front (bat course, and to turn iJidt nuniaiio'va'iiBiiit 
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Imlaiieei which nature hendf conthmally forces upon 

The indent philoaophers observed, tbat in the inalancet 
which commonly fell nniler iheir notice space was alwiyi 
Blled by a mBtciisl substance. The moment a sulid oi 
■ liquid was by any means remoretl, immediately the 
nuTOunding Mr rushed in and filled the piace which H 
deserted : hence they adopted the physical dogma that 

ture abhara a vacuum. Such a proposition muit be 

;arded as a figurative or poetical expression of a lup- 
law of physics, dedaring it to be impossible that 
could exist unocttipied by mattCT. 

Probably one of the first ways In which the atmospheric 
are presented itself was by the efifect of snelion with 

. louth. One end of atube beingimmersedin aliquid, 

'and the other being placed between the lips, the air wu 
3iawn from the tube by the ordinary process of inhaling. 
The water was immediately observed to fill the tnbe u 
the air retreated. This phenomenon was accounted for 
by declaring that " nature abhorred a vacuum," and dut 
^e therefore compelled the water to fill the space deserted 
1^ the air. 

Tlie effects of suction by the mouth led by a natural 
Aoalogy to suction by artificial means. If a cylinder be 
open at both ends, and a piston playing iii it air-tight 
Ik moved to the lower end, upon immersing this lower 
end in water, and then drawing up the piston, en tmoo- 
cupicd space would remain between the piston and (be 
water. " But nature abhors such a space," aaid the an- 
cients, " and therefore the water will not allow audi • 
■pace to remain unoccupied : we find accordingly that t* 
the piston rises the water follows it." By such poetiol 
reasoning pumps of various kinds were constmcled- 

The antipathy entertained by nature against an empty 
■pace served the purposes of philosophy for a couple irf 
thousand years, when it so happened that some enginem 
employed at Florence in sinking pumps bad occaann to 
construct one to raise water from an unusually gml 
depth. U|H)n working it they found that the water 






higber than about thirly-two feet abovo f 
welL Galileo, tlie moEt celebrated philosopber oi 
tlMt day, w*a connilted in this difficulty, and, it is atdd, 
that his answer was, that " nature's abbcirreiice of a 
Taeuam extended only to the beight of thirty-two feet, 
bat that beyoad this her dtdnctination to an empty space 
did not eitend." Some writers * deny the fact of hii 
having given this answer ; olherB admit it t, but take 
it to have been ironical. It lias been more generally 
taken as a solution seriously intended. ;t It appears, bow- 
ever, that Galileo having his attention thus directed tu 
the point, soon raw die absurdity of the maxim, thai 
" nature abhors a vacuum," and sought to account for 
the pbenomenoD in other ways. Ue attributed tha 
elevation of the water to an attracdon exerted upon that 
liquid by the piston. This attraction he conceived to 
have a determinate intensity, and when such a column of 
water was Tailed as was equal in we^ht to the whole 
amount of the attraction, then any further elevation of 
the water by the piston became impoEbible. 

At a very remote period air wus known (o possera the 
quality of weight. Aristotle and other ancient phllo- ^ 
eophera expressly speak of tbe weight of air. TheproceM I 
of respiration is attributed by an ancient writer to the ' 
pieasDje of the atmosphere forcing air into the lungs. 
Galileo was, therefore, fuUy aware that the atmosphere 
possessed this property; and it is not a little surprising 
that when tiia attention was so immediately directed to 
one of the most striking effects of it, be was unable to 
fierceive the connection. 

Some writers § alBrm, we know not upon what ««- 
diority, that Galileo, at the time he was interrogated 
respecting the limiiiu] elevation of water in a common 
pump, WHS aware of the true cause of tbe effect; but that 
not having thoroughly investigated the subject, he evaded 
the queation of tbe engineers, with a view to conceal hie 
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wia repealed b; Pascal himself, nith similar uieces, 
upon a high tower in the city of Paris. 

Meanwhile other effecta were manifested which not 
less uneqaivocailly proved the truth of Torricdll'e Mlhi- 
lion. The apparatus being kept for a lengtb of time in a 
fixed position, ihe height of ihe coloma was obsened to 
fluccuBle from day to day between certain small limitt. 
This effect was. of course, to be attributed to the Tiri- 
Btion of ihe weight of the incumbent atmosphere, kriiing 
from varioas meteorological causes. 

(137.) The apparatus which we have just described in, 
in fact, the common barometer. By the principle of hydn}< 
Btatto it appears, that the hdght of the column E F, 
Busuined by the atmospheric pressure, will be the same, 
whatever be the magnitude of the bore of the tube. If 
we suppose the section of the bore to be equal to x tqnaie 
inch, then the column B F will be pressed upvruds, uid 
held in equilibrium by llie weight of a column of sttoo- 
Bpbere pressing upon a square inch of the external aor- 
face P ; consequently the weight of the caliusn E F 
tnust be equal lo the weight of a column of the 
tphere whose base is a square inch, and whiob 
Irom the surface of the mercury in the cistern to the 
of llle atmosphere. If there be another tube whose ' 
is only half a square inch, then the pressure whidi 
■upport the column in it will be thit of a similar colunn 
of atmosphere, whose base is half a square inch; audi 
pressure then will only be half the amount of the fonnet, 
•od, therefore, will only sustain half the weight of mer- 
eury. But a column of mercury of half the we^ht, ha*' 
ing a base of half the magniuide, must necessarily biM 
the same height. Hence it appears, that m long aatbt 
atmosphere presses upon a given magnitude of the (urfwe 
P, with the same intensity, the column of mercury iu»- 
tained in the tube will have the same height, whatew 
be the magnitude of its bore. 

In adapting such an apparatus as this to indicate mi- 
nute changes in the pressure of the atmosphere, there in 
many circumstances to be attended to, which we pnqioM 
to eaplaio in the present cliapler, so far as they are nee** 1 
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WTy to render intelligible the general principle and nw 1 
of die barometer. 

It i», in the firel place, necessnry to hare the means 
of meaaurinif exactly the height cf the eoluinn E F, 

fy. 19.: if the surface F were fixeif, and the lube 
B A maintained in its position, it would be aufficienl to 
mark a graduated scale upon the tube, indicating the 
nninber of inches and fractions of an inch of any part 
upon it, from the surface F. But it is obviona that 
this will not be the caee when the presaure of the atmo- 
■phere is increased, as an additional quantity of metcury 
IB forced into the tube, and consequently an equal quan- 
tity ta forced out of the cistern. While the surface B 
risea towards B, the surface F therefore descends, and 
the distance of E from that surface is increased by both 
cauMB. A graduated scale marked upon the lube would 
then only indicate the change in the position of the sur- 
face E, but would not show tlie change in the length of 
die column E F, so far oa that change is af^cted by the 
All of die Burface F. There are several ways in which 
dds defect may be remedied. 

If the insimment be not required to give extremdy 
•econite indications, it will be sufficient to use a tube the 
bore of which is Email compared with the magnitude of 
tiie eictcm. In this case a small change in the height 
of die column will make but a very inconsiderable change 
in the whole quantity of mercury in the cistern, and 
therefore will produce a very minute effect upon the 
poahion of the Eurfaee F. If such a change in the 
level F be so small as to aSbct (he indications of the 
instruments in a d^^ee which is nniroportant for the 
{ntrpoeea to which it ia intended to be applied, the 
tnrfaoc F may be regarded as fixed, and the whole 
diange in the height of the column may be taken to be 
represented by the change in the poaition of the levd B. 
All onliiiory bsrometers are constructed in this manner, 

But it is not difficult to ailjust a scale upon a tube 
ifhid) will give with accuracy the actual variation in the 
len^h of tbeoolumn by meana uf the change \n ^telcNcl 

■/ the tarfatx E. Let us auppoae thtt ibc citwm Ci M 
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has • Bat hoiiiODUl botloin and perpend) cnlar ndet, ind 
that the magnituil^ of the bottom bears a certain IcDOwn 
plopoTtion to the bore of the tube. Suppose this pro- 
portion be that of one to a bundled. If the pressme of 
the atmosphere increase, bo as to cause the column of 
inetcDry sustained in the tube to be increased in hei^l 
by one inch, then as much luercuiy aa fills one inch of 
the tube will be withdrawn from the cistern ; but as the 
baie of the cistern is one hundred tiroes greater than the 
bore of the tube, it ia evident that (his inch of mercury in 
the tube would only cause a fall of the hundmlih of an 
inch in depth of the mercury in the vessel, consequently it 
follows that the increased elevation of an inch in the co- 
lumn produces a depression of a hundredth of an incli in 
the surface F. Thus it appears, that the increased length 
of the column E F is produced by the surface F ttBiag 
through the one hundreddj of an inch, while the surfaee E 
rises through 99 hundredth parts of an inch. The une 
will be true whatever change lakes place in the hei^t 
of the column. We may therefore infer generally, ihil 
whatever variation may be produced in the surface £, 
the consequent variation produced in the height of the 
column is greater by a lunety-ninth part. If then tbr 
top be so graduated that a portion of it, the length of 
which is one hundredth part less than an inch, be marked 
as an inch, and all other divisions and subdiviaiiAi 
roarked according to the same proportion, then the indj- 
cationB will be aa accurate as If the snrface F ntn 
fixed ; the tube being divided aecuritely into inchea and 
parts of an indl. 

The barometer ia represented mounted and fomidiB! 
with a scale, infig. 13. The glass tube is Eurroundnl 
by one of brass, in which there is an aperture cut at DE, 
of such a length and at such b height above the CMlein, 
as to include all that space through which the level rf 
the mercury in the lube usually varies in the place io 
which the barometer is intended to be used. In ibew 
countries the level of [he mercury never falls below 38 
inches, nor rises above i)l inches ; consequently a apace 
Htmewhat exceediog theie limiia will be lufficieat for ttC 
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lug D E. The tube is permanently connected with J 
the ciEtem A B, and h scale is engraved 
upon the brass cube near the aperture D B, 
to indicate the fracliong of the Jieight of the 
mercury in the tube. 

There is another method of avoiding the 
difficulty arising froni the change in the 
level of the surface of the mercury in the 
cistern, used in the barometer here repre- 
sented. The bottom of the cistern moves 
within it in such a manner as to prevent 
the mercury from escaping, and a screw ia 
inserted at V, by turning which the bot- 
tom of the cylinder is slowly elevated or 
depressed. An ivory index is attached to 
the top of the cylinder, which is presented 
downwards and brought to a tine point, ao 
BE to mark a 6xed level. When an observ- 

fation ie made with the barometer, the screw , 
V is turned until the surface is brought ac- 
curately to the point of (lie index, hy raising 
B or lowering the bottom according as the sur- 
face is below or above that point. It fol- 
lows, therefore, that whenever an observ- 
ation ia made with this instrument, the surface of the 
mercury always stands at the same level, and therefore 
the divisions up on the scale C F represent the actual 
elunge of height in the barometric column. 

Since the column of mercury sustained in the barome- 
tric tube is taken to represent the pressure of the atmo- 
iphere, it is clear that no air or other elastic fluid should 
occupy the part of the tube above the mercury. To avoid 
such a cause of error is not so easy or obvious as may at 
first appear. Mercury, as it exists in tlie ordinary state, 
frequently contains air or other elastic fluids combined 
widi it, and which are maintained in it by the atmo- 
apheric pressure, to which it is usually subject. When 
it has subsided, however, in the barometric tube, it ia re- 
lieved from that pressure, and the elastic force oE gucYiwx 
s» taay be lodged in the mercury being reUeisAitQia'^ 
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pressure wliicli confined it there, it will malK 
sad rise to the surface, linal]; occupying the upper fin 
of the tube, and exerting a pressure upoD the Gurfaca 
the column by means of its elasticity. Such > prasaa 
will then assist the weight of the coluntn of meteur; in 
balancing the atraospberic pressure, and coDsequenil; i 
column of less height will balance the atmosphere ihin 
if the upper part of tlie tube were free from air. To 
remove this cause of error it is necessary to adopt mcui 
of purifying the mercury used in the barometer frau *n 
elastic fluids which may be combined with it. 

The fact, that the application of beat gives eamgj la 
the elastic force of gases, enables us easily to accotnpliifi 
this. For if the mercury be heated, the particles ofiir 
or other elastic fluids which are combined with il ac- 
quire such a degree of elasticity that ihey dilate and 
to the surface, and there escape in bubbles. The ti 
process of henClng serves to expel any liquid impuril 
with which the mercury may be combined. Theae 
converted into vapour, and escape at the surface. 

The presence of an elasdc fluid at the top of the 
is thus removed so far as euch fluid can proceed 
the mercury. But it is also found that small 
of air and moisture are Uable to adhere to the 
surface of the glass; and when the mercury isintroiluM^ 
and a vacuum produced at the top of iha tube, thw 
particles of air dOale, and, rising, lodge at the lop toi 
vitiate [he vacuiun which ought to be tlicre ; the parudw 
of moisture also evaporate and rise likewise, both pro- 
ducing an aeriibnn fluid in the chamber above the sur- 
face of the mercury, which presses upon that surface 
with an elastic force, and produces a corresponding di- 
minution in the height of the column of quicksilver i 
tained by llie atmosphere, as already explained. Thit 
perfection may be avoided by previously healing the 
The particlea of air which adhere to its inner i 
being thug expanded by heat, will fly off by their 
force, and the particles of moisture will be converted 
into vapour, and likewise disengaged from the mrfac*. 
^11 the eSbcts now ex-^^uiwA oa) Nm ^o^aciel. ^ 
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G&ing the tube witli mercury in tlie flrst instance, and 
dwn boiling the liquid in it, which may be easily accom- 
jJiahed. The beat will not only expel all liquid and 
gueous impurities from the mercury itself, but ilso will 
diiengage them from the inaer surface of tlie tube. 
These precBudons being taken, the column of mercury 
nut«ined in the tube will indicate by its weight the true 
tunoQiit of the atmospheric preEsure. But in order to 
be able to compare the result of any cue barometer with 
taj other, it is necessary that the wdglits of equal bulla 
lX die ii4]Uid mercury used iu both cases should be tba 
same; and ftr duB ptu'pose we must be assured that 
ibe mercury used is pure, w^ not combined nith other 
ubstances. We have just seen how id •ubslances in 
die liquid or gaaeoua form may be extracted from it. 
Impurities may still, however, be suspended in it in the 
wild form. To remove these it is only necessary to 
inclose the mercury in a small bag of shamois leather : 
upon pressing this bag the quicksilver will pass freely 
thtotigh its pores, and any minute toUd impurities which 
may be contained in the mercury will remain in the bag. 
Pure and homogeneous mercury being thus obtained, we 
hkTe advanced another step towards tlie certainty that 
the indications of different barometers may correspond; 
but there is still one other cause of discordance to be at- 
tended to. Suppose a barometer to be used in Paris, and 
another in London, at a time when the pressure of the 
atmosphere in both places is the same, but the tempera- 
ture of the air at Paris is higher than the temperature 
of London. The mercury in the one barometer will have 
a higher temperature than the mercury in the other. 
Now it is well known that when mercury or any other 
body is heated, its dimendans increase. In other words, 
bulk for bulk, it become sllghler. Consequently, of two 
Bokmns equal in weight, that which has the higher 
tempenitnrc will have the greater altitude. Hence it 
appears, that under (he cimimataiLceB supposed at a dme 
when the atmospheric pressure is the same in London m 
at Paris, llie bsronieter at the latter ^\»ce TiiVli\»\iil^iBt 
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Asn at the former. To guard sgunat thu source of 
CTTor it is necessary, in mating barometric ohBerv»iioiit, 
to note at the same time the conteinpomneoUH indie*' 
tions of tlic tiiermometer. Tables are campiited HboHing 
the changea in the height of the mercuij corresponding 
to pven differences of temperature. It is evident that 
in comparing the results of the same barometer ob- 
served at different times, it is equally necessary to note 
the difference of temperature, and to allon for its eSecu. 
This, however, is a. reflnemenl of accuracy which is not 
attended to, except in obeervations made far philosophical 
purposes. 

(133.) One of the difficulties attending barometric 
observatioas aiiaes from the very minute changes pro- 
duced in the height of the column by slight variations 
in the atmospheric pressure. The whole play of the 
upper surface of the column, in the most extreme cases, 
does not exceed three or four inches in a given place; 
and mercury being a very heavy fluid, a variatioa in 
the pressure of the atmosphere, of sensible unotmt, may 
produce scarcely any perceptible change in the height of 
the column. One of the most obvious remedies, at first 
view, would seem to be the use of a fluid lighter than 
mercnry. In the same proportion as the fluid ia lighter 
irin the change in the height of the coluroa by a given 
dunge in the pressure of the atmosphere be greater ; 
but there are difficulties of a different kind which alto- 
gether preclude the use of other fluids. The lighter 
liquids are much more susceptible of evaporation, and 
the surface of the liquid in the tube being relieved from 
die atmospheric pressure, o&era no resistance to the pro- 
cess of evaporation. The consequence ia, that any 
liquid, except mercury, would produce a vapour, which, 
occupying the top of the tube, would press by its elastic 
force upon the surface and co-operate with the weight 
of the suspended column in balancing the atmospheric 
|»eaaure. Even from mercury we have reason to know 
that a vapour rises which is present in the upper part of 
the tube, bm lliis pressure cuerta no 'jo-rci which can 



introduce inaccuracy to any sensible extent into 
conclusions. 

(139.} A form is sometimea adopted, called the dia- 
gonal barometer, far the purpo^ of iiicreajiing the range 
of the meccury in the tube. This ia represented in 
fig. li., where AC B repreaeals the barometric tube. C 

Fig. 14. 
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ft ptnnt at a distance above the surTace of the mercury 
ia the cylinder less than the height of 28 inches. The space 
C D includes the range which the mercury would have 
if the tube were vertical ; but at C the tube ia bent ob< 
Uquely in the direction C B, having a sufficient length to 
biing the extremity B to the same level as D. The iner- 
cnry which, had the tube been vertical, would range be. 
tween C and D, will now have its play extended through 
the greater apace CB; consequently the magnitude- of 
any part, however small, will be increased in the propor- 
tion of the line C D to tlie line C B. Thus, if C D be 
4 inches, and C B 13 inches, then every change in the 
ponlion of the surface of llie mercury, produced by ■ 
diuige in the atmospheric pressure, will be three times ■» I 



558 

great in the diagonal bBnimeter u it would be 

Tertical one. 

(140.) Another contrivance for enlarging ibc 
nhicb is more freqnently used. Bud for 
porpoees attended 



Fig. IS. 



n fig. 15, This is called the «&wit>9-1 
rometer. The baromelric lube ii 
bent at iu loner extremity B, and turned I 
upwards towards C. The stmoHpheii 
pressure acts upon the autface K, and 1 
sustains a column of mercury in thi 
B A, which is above the level of F. 
The bore of the tube being in thi 
equal in every part of its length, it i* 
clear that through whatever space the 
surface £ falls, the surface P will hk, 
la. Hence it is obvious that 
I the variation in the height of the baro- 
r column will always be double 
the change in the height of either suffice 
E or F ; for If the surface F fall, (he 
surface E must ri«e through the aame 
epace. They are thus receding from 
cacli other at the same rate, and therefore 
their mutual distance will be increased 
liy the space through which each moves, 
or by double the space through which 
one of them moves. In the same manner, if F rise E 
[ fall, the two points mutually approaching each 
other at the same rale ; so tliat the distance between them 
will be diminished by the space through which etch 
r by double the space through which one of 
them moves. The change, therefore, in the height of 
the barometric column will always be double the dian^ 
in the position of the level F. 

Upon the Burface at F there floats a small ball of iron, 
suspended by a string, which is carried over a pidley of 
Mnall wheel si P, and counierpoi»iid by the weight •! 
"W, less in amount than tlte wdi^l of >^ vrnn VbU. 
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When tlie surface F rises, the iron ball being buoyant, 
will be mseil with it, and the couDterpoise W will fall; 
■nd when the suiface F falls, the weight of the iron ball 
bdng greater than the weight of the counterpoise, will 
euue it to dcBcenil with the descending surface, and to 
drtw the counterpoise W up. It is evident that, through 
whatever space the iron ball thus moves in ascending or 
descending an equal length of the string will pass over 
the wheel P. Now this string rests in a groove of the 
wheel, in auch a manner that, by its friction, it causes 
the wheel to revolve, and, consequently, the revolution of 
this wheel indicates the length of string which passes 
over its groove, which length is equal to the change in 
the level of the surface F. Upon the centre of this 
wheel P an index H is placed, which, like the hand of a 
watch, plajH upon a graduated circtdar plate. Let ua 
suppose that tlie circumference of the wheel P is two 
inches, then one complete revolution of this wheel will 
eorrespond to a change of 2 inches in the level F, and, 
[herelbre, Eu a chajige of 4 inches in the barometric 
column. But in one revolution of the wheel P the hand 
or imlex H moves completely round the circle : hence 
the circumference of this circle corresponds to a change 
of 4 inches in the barometric column. Now, the cir~ 
culsr plate may easily be made ; so that its circumference 
thall measure 40 inches, consequently 10 inches of this 
circumference will correspond to 1 inch of the column, and 
1 inch of the circumference will correspond to the tenth 
of an inch of the column. In this way variations in the 
height of the column amounting to the tenth of an inch 
we indicated by a motion of the hand H over 1 inch 
of tlie circumference of the plate. By further subdi- 
vision a still greater accuracy may be obtained. 

In this form of the barometer it is evident that the 
preponderance of the iron ball aEsists the atmospheric pres- 
sure in sustaining the column. This cause of error, how- 
ever, may be diminished almost indefinitely by making 
the preponderance of the ball over the counterpoise W 
ba/^jr BoJEeient to overcome the friction ol 4ic •bXwA'? . 
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' Again, when (he atmoaphere is dimiiusheil in wi'iglil, 
and when the surrace F hits t, tendency lo rise, it is coa* 
pelled to raise the ball ; and there is this obvious limit U 
the indications of the instrument, namelj, that a change 
slight that the di^rence of pnasimc w31 bM oi^id 
force aaceaarj to elevate the ball will fail to be indi' 



ited. 
(141.) For scientific purptMes, theverticBl borcnuetct 
1b preferable to every other form of that instrument. Id 
the oblique barotneter the termination of the mereuriJ 
column is subject to some uncertainty arising from the 
level of the mercury not being perpendicular to the direc- 
tion of the tube. In the wheel barometer there are *e- 
Teral sources of error which, though so small in amoum 
Fig. IG. as not to injure it for domestic or popular u«e, 
„ A yet are such as to render it altogether unfit far 
scientific enquiry. A contrivance called a Ver- 
nier, for noting extremely small changes, i( 
usually applied to the vertir«l barometer, and 
supplies the place of an enlarged scale. It con- 
sists of a small graduated plate which is movable 
by a screw, or otherwise, and which slides on 
the divided scale of the barometer. By mean* 
of this subsidiary scale, we are enabled to esti- 
mate magnitudes on the principal scale, amount- 
ing to very small fractions of its smallesi di- 
visions. 

The principle of the vernier is easily ex- 
plained. Let B A, fy. 16., represent the scale 
I> of the barometer extending through three inchn 
" J and divided to tenths of an inch. Let C U be 
, the sliding ^ale of the vernier, equal in length 
< to eleven divisions of the principal scale, and 
I divided into ten equal parts. 
\ Thus each division of the vernier will be the 
' tenth of eleven divisions of tlie instrument ; tliat 
will be the tenth part of II tenths of an 
inch ; but 1 1 tenths of hn inch is the ume as 
J 10 hiindre<li\is, a»i4 il« «™"^* V*"^ "s^ '^^ 
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t Bjipears that one division 
on the vernier ia in this case 1 1 hundredth parts of 
sn inch. Now oue dirision on the instrumeiit being a 
tenth of an inch, or 10 hundredths of an inch, it is evi- 
dent that a division on the vernier will exceed a division 
on llie instrument hy the liundredth part of an inch ; for 
if we take 10 hundrcdtlis from 11 hundreiiths, the ro- 
mainder will be 1 hundredth. 

Let us suppose that the vernier is placed eo that its 
lowest division, marked 10, shall coincide with the 
loweBt division on the instrument marked 28 i then the 
flrst division of the vernier marked will coincide with 
the division of the instrument next above tlie 29lli. 
The division, marked 1 on the vernier will then he a little 
below ttie division marked 39 on the scale, 
and the distance between these will be llie 

■ hundredth of an inch, as already explained. 
The divisioD marked 2 of the vemiei' will be 
a little below the division marked 9 on the 
scile, and the distance below it will be 2 hun- 
dredth parts of an inch ; because two division 
of the vernier exceed two divisions of the 
Bcale by that amount. In like manner, the 
division marked 3 on the vernier will be be- 
low the division matkeil 8 on the scale by 3 
hundredths of an inch, and so on. 
-u Let us suppose that the mercury is ob- 
1 served to Bland at a height greater tlian SQ 
' inches and 5 tenths, but less than 29 inches 
^ and 6 tenths. Its level, being expressed by 
.5 Ihe dotted line M, fig. 17-, let the vernier 
A now he moved on the scale until its liighcat 
' division exactly coincides with the level 
' of the mercury, On comparing the several 
divisions of the vernier with those of the in- 
atrumenC, let us suppose that we tind tliat 
the division marked 4/ on the vernier coin- 
cides with tliat marked 1 on. the insWu.- 
mentj then tlie disUnce Siom iVc \H^i tA 
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the mercury M to the next division below it maikeJ 
5 will be i hundredth parts of an inch ; for ihe dis- 
tance of the division marked S on the vernier abnre 
the division marked S on the instrument is I hundredth 
of an inch, because it is the difference between a divina^ 
of the vernier and a division of the instnunenL AgHjQ 
the distance of the division of die vernier, mRrke^H 
above the divieioii of tile instrument marked 3, is S bdP 
dredths of an inch, and the distance of the divimon of w> 
vernier marked 1 alwve the division of the instrument 
marked i, is 3 hundredths of an inch. In like mftnna- 
the divieioD of the vernier marked is distant fiom the 
division of the instrument marked 5 by 4 hundredths of 
an inch. This will be manifest by considering what has 
been already explained. In general we are to obsene 
what division of the vernier coincides most nearly with 
any division of the instrument, and the figure which 
marks that division of the veruiet will express the num- 
ber of hundredtlis of an inch in the distance of the level 
of the mercury from the next division of the inEtromeot 

(1 4S.) The moat immediate use of the barometer for 
sdentiflc purposes is to indicate the amount and vtria- 
tion of Ihe atmospheric pressure. These varialioDs 
being compared with other meteorological phenomena 
form the Ecientific data from which variouB atmospheric 
appearances and efiecca are to be deduced. 

The fluctuations in the pressure of the atmosphere 
b^g observed in connection with changes in the slate 
of the weather, a general correspondence is supposed to 
prevail between these eflecta. Hence the barometer baa 
been called a meather glass. Rules are allemptcd to be 
established, by which, from the height of the mercnry, 
the coming stale of the weather may he predictal, and 
weaccordinglyfiadthewords"llain," "Fair," "Change- 
able," " Frost," &c., engraved on the scale attached lo 
common domestic barometers, as if when the mercury 
Mands al the height marked b^ these words llic weather 
J A always sutlject to the viciawWies expeisei Vj >iiuaa. 
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These marks are how ti 1 d lo no atlention ; and 

it is only surpri g lo ti d h use contiDued 
present times^ wh a kn wledg s so wiiiely difliised. 
They are, in fac to b ra k d. arcely above the do* 
itelhrum, or astrol peal aln ana k 

It has been al eadj plain d hat in (he eame state 
of the atmosphere the height of the mercury in the baro- 
meter wUI be different, according to the elevation of the 
place in which the barometer is situated. Thus two 
barometers, one near the level of the rivet Thames, and 
■he other on the heights of Hampstead, will differ b3r 
half an inch ■ the latter being half an inch lower than 
ihe former. If the words, therefore, engravei! wpon the 
plates arc to be relied on, similar changes of weather 
could never happen at these two situations. But nhat 
is even more absurd, such a scale would inform us that 
the weather at the foot of s high biiilding, such as 
St. Paul's, must always be different from the weather at 
the top of it 

The variation in the altitude of the barometer in a 
given place, together with tlic corresponding vicissitudes 
of die weather, have been regularly recorded for very 
long periods. It is by the exact comparison of such re- 
sults that any general rule can be found. The rules beat 
established by such observations are far from bnng 
rither general or certain. It is observed that tlie changes 
of weather are indicated not by the actual height of the 
mercurj but by its change of height. One of the most 
general, though not absolutely invariable, rules is, that 
vhen the mercury is very low, and therefore the at- 
mosphere very light, high winds and storms may be 
expected. 

The following rules may generally he relied upon, at 
least to a certain extent: — 

1. Generallii the rising of the mercury indicates the 
approach of fair weather ; ehe falling of it shows the 
approach of fou! weather. 

2. In suhrj weather the fall of l\ic meTCVir^ 
coming thunder. In winter, the liae oi fia iiiMS 
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pindicateB froBt. Id frost, its full indicates thaw ; andiu 
TJBe indicates snow. 

3. MTialevet change of weather audilenly foUcwi ■ 
change in the barometer may be expected to lait but « 
short time. Thus, if fair weather fallow immediately 
the rise of the mereury there will be very little of it; 
Bind, in the same way, if foul weather follow the fall of 
the mercury it will last but a short timc- 

4. If fair weather continne for several days, during 
which the mercury continually falls, a long succesmon 
of foul weather will probably ensue ; and again, if fool 
weather continue for several days, while the mercorj 
continually rises, a long succession of fair westher v" 
probably succeed. 

5. A fluctuating and unsettled slate in tl 
column indicates changeable weather. 

The domestic barometer would become a 
uaeftd iufltrument, if, instead of the words usually en- 
graved on die plate, a short list of the beat estal4ishe<l 
rules, such as the above, accompanied it, which might 
be either engraved on the plate, or printed on a card. It 
would be right, however, to express the ndes only with 
that degree of probability whidi observation of past phe- 
nomena has justified. There is no rule respecting these 
effects which will hold good witit perfect certainty in 

(143.) One of the most important sdentitic uses to 
wliich the barometer has been appUed i« the measur- 
ing of heights. If the atmosphere, Uke a liquid, were 
incompressible, this problem would be very simple. The 
pressure on the mercury in the cistern would be equally 
diminished in ascending through equal heights. Thus, 
if the pressure produced by an ascent of 10 feet were 
equivalent to the weight of one inch of mercury, then 
the column would fall one inch in ascending that height- 
It would fall two inches in ascending 50 feet ; three in 
ascending .^0 feet, and so on. To find, therefore, the 
perpendicular height of the barometer itt any lime above 
its position, at any other time U>moii\4\k «iii^ ■aeemari 
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to obsen'e tile ilifference between ihe altitude of the 
caiy in both cases, uiid to aOow 10 feet for every inch 
of mercury in chat diilcrence; and a similar process 
would be applicable if an inch of mercury correEponded. 
to any other number of feet. 

fiut this explanation proceeds on the supposition, that 
in ascending through equal heights the barometer leaves 
equal weights of lur below it. Suppose in ascending 
ID feet the mercury is observed to fall the hundredlli of 
an inch, then it follows, that the air left below the baro- 
meter in such an ascent has a weight equal to the one 
hundredth of an inch of mercury. Now, in ascending 
the next 10 feet, the air which occupi^ that space having 
a less weight above it will be less compressed, and con- 
tequently within that height of 10 feet there will be 
contained a less quantity of air than was contained tn 
(he first 10 feet immediately below it. In this second 
■icent tlie mercury will, therefore, fall, not the hundredth 
of an inch, but a quantity as much leas than Ihe hun- 
dredth of an inch as the quantity of air contained in the 
second 10 feet of height is less than the quantity of air 
that is contained in the lint 10 feet of height. In like 
manner in ascending the next 10 feel a still less quan- 
tity of air will be left below tlie instrument, and the 
mercury will fall in a proportionally less degree. 

If the only cause affecting density of the air were the 
compression produced by llie weight of the incumbent 
atmosphere, it would be easy to find the rule by which 
a change of altitude might be inferred from an observed 
change of pressure. Such a rule has been determined, 
auA is capable of being expressed in the language of 
mathematics, although it is not of a nature which admits 
of explanation in a more elementary and popular form. 
But there are other causeB affecting tlie relation of the 
pressure to the altitude which must be taken into ac- 
count. The density of any stratum of ajr is not only 
afiected by the iceight of the incumbent atmosphere, 
but also by the temperature of the stratum itself. If 
! this tempetatuie the ittWan\. "^fii. 
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expand, »nd with « less densilf will support ihe 
incumbent pressure. If, on lie contrary, «ny 
produce a diminutiDn of lemperature, the stratum 
contract and acquire a greater density ander the «bM 
pressure. In the one case, therefore, a change of deW 
tion, which would be neceBsary to produce a given diugi 
in die height of the barometer would be greater ihtt 
that computed on theoretical principles, and in Ule odw 
case the change would be lees. The temperature, ihoie* 
fore, forms an essential element in the calculadoa tf 
heights by the barometer. 

A rule or formulary hag been deduced, partly fron 
established theory, and partly from observed e&ccti, bj 
which the change of elevation may be deduced from ok 
servations made on the barometer and thermometer. T» 
apply Ihttt rule, it is necessary to know, Ist, the Ufi* 
tude of the place of observation ; Sdly, the height of tht 
barometer and thermometer at the lower station; and, 
Sdly, the height of the barometer and thermomeler m ibt 
higher station. By arithmetical compulation the d& 
ference of tlic levels of the two etationa may then ht 
calculated. The formulary does not admit of being ex* 
plained without the use of mathematical langiiage. 

(14'4'.) It has been already stated, that the atmo- 
spheric pressure at the surface of the earth is capable of 
Bupportiiig a column of water Si feel in height. It 
follows, therefore, tliat if our atmosphere were condensed 
to auch a degree that its specific gravity would be equal 
to that of water, its heiglit would he 34 feet. Now 
tbe specific gravity of a stratum of atmosphere contiguou* 
(O the surface is about 840 times less than the specific 
gravity of wnter; that is, a cubic inch of water weighs 
840 times more than a cubic inch of air. If as we 
aaeeud in the atmosphere it continued to have the same 
density, then its height would be evidently 840 times 
dte height of 34 feet, which wouhl amount to 26,560 
feet, or 5 miles and a quarter. It is obvious, therefore, 
th«t since even at a email elevatinn the density of the 
Jtroofjihcre is reduced to hali Ua iteant-] u. tJu: 'sa.-dwie. 



the wliole height must be many times greater than this. 
The barometer in the balioon in which Ue Luc ascended 
fell to the height of IS inches. Supposing ilie barO' 
meier at the surface to hare stood at that time at 30 
inches, it follows that he must have left three fiftlig of 
the whole atmosphere bdow him. His elevaiion wa« 
upwards of 20,000 feeL 

(145.) A column of pure mercury, whose base is a 
square inch, and whose height is 30 inches, weighs 
about 151b. avoirdupolB. It follows, therefore, that 
when ihe barometer stands at 30 inches the atmosphcare 
esertB a pressure on each square inch of die surface of 
the mercury in the cistem amounting to 15 lbs. Now 
it is the nature of a fluid to transmit pressure equally ia 
every direction ; and if the surface on which the atmo- 
sphere acta were presented to it laterally, obliquely, or 
downwards, still the pressure will be the same. Taking, 
therefore, die medium height of the barometric colmna 
■t SO inches, it follows that the pressure sustaitied by 
an bodies which exist at the surface of the earth exposed 
to our atmosphere are continually under tJiia pressure, 
and that every square inch on their surface constantly 
EUstains a force of about 15 pounds. Thus, the body 
of a roan, the surface of which amounts to 2000 square 
inches, will sustain a pressure from the surrounding air 
to the enormous amount of 30,000 pounds. 

It might at Brat view be expected that tlils great force 
to which all bodies are subject would produce manifest 
effects, so aa lo crush, compress, or break them, whereas 
we find bodies of most delicate texture unaffeeled by it 
Thus a dose bag, made of the finest silver paper, and 
partially filled with air, is apparently subject to no ex- 
ternal force. Its sides do not collapse. This arises 
partly from the circumstance of the pressure on every 
ride, and in every direction being equal, and, therefore, 
producing mechanical equilibrium. It is obvious that 
a body which is driven in every possible direction up- 
wards and downwards, laleraUy and oWw^eVj, ■^i.'Ax. 
eijual forces, nUl not move in any one (fitttfioa-, it« «> 
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Huppose such a modon would be lo Bssume t 
quantity of prsBsure in ihat direction exceeds the q 
tity of pressure in other directioDS. But still, tbou 
body may not be driveu in any direction by the al 

spheric pressure, it may happen that its parts are cm 

and compressed. We do not, however, find thia to 
happen. This arises from the fact, that the clastic force 
of the air is equal (o its pressure ; and since the inlemal 
caTlties of a body, such as the thin bag above men- 
tioned, are filled wi(h mr, which is confined within them, 
that air has precisely the same tendency to swell the 
hag, and to keep the parts asunder, as ihe external pres- 
sure of the atmosphere haa to moke them collapse- 
In the same manner we may account for the fact 
that animals move freely in the air without being sensible 
of the enormous pressure to which their bodies are sub- 
ject. The internal parts of their bodies are filled with 
fluids, both in the liquid and gaseous states, which offer 
a pressure from within exactly equivalent to the external 
pressure of the air. This may be easily rendered mani- 
fest by applying to the sidn the mouth of a close vessel, 
to which an exhausting syringe ia attached. By this 
instrument, which will be describcrl hereafter, the air 
may be rarefied in the vessel, and tlie atmospheric pres- 
sure consequently partially removed from the skin. Im- 
mediately the force of the fluid from within will swell 
the skin, and cause it to be sucked into the glass. This 
experiment may be performed by the mouth on the 
flesh of the hand or arm. If tlie lips be applied to the 
flesh, and the breath drawn in so as to produce a par- 
tial vacuum in the mouth, the skin will be drawn or 
Bucked into the mouth. This effect is owing, not to 
any force resident in the lips or the mouth drawing the 
skin in, but to the fact that the usual exiemal pressure 
is removed, and that the pressure from within is suffered 

(14').} AU cases of thai class of eSecta which I 
commonly expressed by the word taction a: 
for in die same manner. 




If a flat piece of moist leather be put in cIoec contact 
with a heavy body^ as a Btone, it will be founil to adhere 
to it with conBiderabie force, and if tt cord of sufficient 
length be attached to the centre of the leather, the stone 
vtaj be raised hy the cord. This effect arises from the 
exclusion of the air between the leather and the atone. 
The weight of the atmosphere presses their surfaces to- 
gether with a force amounting to 15 pounds on every 
square inch of those surfaces in contact. If the weight 
of the stone be less than the number of pounds which 
would be expressed by multiplying the number of square 
inches in the surfaces of contact by 15, then the stone 
may be raised by the leather ; but if the slone exceed 
this weight it will not suffer itself to be elevated by these 

The power of flies and other insects to walk on ceilings 
and surfaces presented downwards, or upon smooth panes 
of glass in an upright position is said to depend on the 
formation of their feet. This is such that they act 
in the manner above described respecting the leather 
attachetl to a stone ; the feet, in fact, act as suckers, ex- 
cluding the air between them and the surface with which 
they are in contact, and the atmospheric pressure keeps 
the anima! in its position. In the same manner the hy- 
drostatic pressure attaches fishes to rocks. 

The pressure and elasticity of the air arc both exer- 
cised in the act of breathing. When we draw in the 
breath we first mate an enlarged space in the chest. Tha 
pressure of the cxienisl atmosphere then forces air into 
this space so as to fill it. By a muscular action the lungs 
are next compressed so as to give this air a greater elas- 
ticity than the pressure of the external atmosphere. By 
the excess of this elasticity it is propelled, and escapee 
by the mouth and nose. It is obvious, therefore, that 
the air enters the lungs not by any direct act of these 
upon it, but by the weight of tlie atmosphere forcing il 
intA an empty space, and that it is expired by the octioa 
of the lungs in compressing it. 

The Hclicn of common hcWows is if^ccisA-^ ^-osiD: 
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except that the aperture at which the air is drawn _ 
different from that at which it is expelled. In tlw 
lower board of the bellows is a hole covered by a vsirt, 
consisting of a flat piece of stiff leather, movable on > 
hinge, and which lies on (he hole, but is capable of 
being raised b; a shght pressure. When the upper 
board of the bellows is raised, the internal cavity is 9Ud> 
denly enlarged, and the air contained in it ia consider- 
ably rarefied. The pressure of the atmosphere forcei in 
air at the nozle, but this being two small to allow ila 
admission with sufficient ease and speed, the valve cover- 
ing the hole is acted upon by the atmosphere and raised, 
and air rushes in through the large aperture under it. 
Wlien the space between the boards is filled with air ia 
its common stale, the upper board is depressed, BMd the 
air confined in the bellows is suddenly condensed. The 
ralve covering the hole is thus kept firmly closed, and the 
air has no escape except through the nozle, from which it 
issues with a force proportional to the pressure exerted 
on the upper board. A bellows, such as that io cominoQ 
domestic use, thus simply constructed, has an intcnnitting 
action, and blows by fits, its action being Buspeuded 
while the upper board is being raised. In forges and 
large factories, in which fires are extensively used, it is 
found necessary to command a constant and unremitting 
stream of air, which may be conducted through the ftiel 
so as to keep it in vivid combustion. This is ejected 
by bellows with three boarils, the centre board being 
fixed atiil fumislied with a valve opening upwards, the 
lower board being movable with a valve also opening 
upwards, and the upper board being under a continual 
pressure by weights acting upon it. When the lower 
board is let down, so that the chamber between it and 
the middle board is enlai^d, the air included belw«ea 
these boards being rarefied, the cKtemol pressure of the 
•Rnosphere will open the »alve in the lower board, and 
"*■!, chamber between the lower and middle boards will 
I pied with air in its common state. The lower board 
rpir raised by the power ■w\v\c\x -«oi\a Cne >>£^sni%. 



and the air between it and the middle board is eondenEed. 
It cannot escape through the lower vslve, because it 
opens upwards. It acts, therefore, with a pressure pro- 
portional to the worting power on the valve in the 
middle board, and it forces open thiE valve, which opens 
upwards. The air is thus driven from between the 
lower and middle hoarda into the chamber between the 
middle and upper boards. It cannot return from this 
cbambei, because the valve in the middle board opens 
upwards- The upper board being loaded with weights, 
it wiM be condensed while included in this chamber, and 
will Usue from the nozle with a force proportionate to 
the weights. While the air is thus rushing from the 
oosle the lower board is let down and again drawn up, 
and a fresh supply of air is brought into tlie chamber - 
between the upper and middle board. This air is in- 
troduced between the middle and upper board before llie 
former snpply has been exhausted, and by working the 
bellows with sufficient speed a large quantity of air ivill 
be collected in the upper chamber, so that the weights 
on the upper board will force a continual stream of air 
tluough tite nozle. 

The eftbct produced by a vent-peg in a cask of liquid 
depends on the atmospheric pressure. If the vent-peg 
stop the hole in the top while the liquid is discharged by 
ilie code below, a space will remain at the lop of the barrel 
in which the air originally conflned is allowed (o expand 
and become rarefied : its pressure on the surface of the 
liquid above will, therefore, be less than the atmospheric 
pressure resisting the escape of the liquid at the cock ; 
but still the weight of the liquid itself, pressing down- 
wards towards the cock, will cause tlie discharge to con- 
tinue until the rarefaction of the air becomes so great, 
that the excess of the atmospheric pressure is more than 
sufficient to resist the escape of the liquid ; the flow 
from llie cock will therefore be stopped. Xf the vent, 
p^ be DOW removed from the hole, air wi!l be heard tS 
rush in with considerable force and fill the B\>acc ahova 
the liquid. The atmospheric ptesaoic oa 'fee six^asic 
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''j^Mve and on the niouth of ihe cock b^ng now a 
Ifae liquid will escape from the cock by the e&ct of a 
pressure of the superior column, according to the piiit- 
dplea estabUahed in lifdrostEtics. If the rent-p^ be 
■gain placed in the hole, the flow from the cock wUl ie 
gradually diminished, and will al length cease. Upm 
the removal of the vent-peg, the same effect will be A 
served as before. 

If the lid of a tea-pot be perfectly close, and fit tbt 
mouth air-tight, or if the interstices, as frequently b^ 
pens, be stopped by the liquid which lies round ibe 
edge of the mouth, then all communication betweem die 
surface of the hquid in the vessel and the external air 
is cut off. If we now attempt to pour liquid from Ihe 
tea-pot, it will flow at first, but will immediately cette. 
In this case tbe air under the lid becomes rarefied, lod 
the pressure on the surface of the liquid in the tea-pot it 
so far diminished, that ttie atmospheric pressure remati 
its discharge at the spout. 

To remedy this inconvenience, it ia usual to make a 
small hole somewhere in (he Ud of the lea-pot for tbe 
admission of air ; this hole serves the same purpose u 
the Iiole for the vent-p{^ in the cask. 

Although it is not usually practiEed, a small hole should 
be made in the lid of a kettle, but for a different reason. 
If the lid of a kettle fit it closely, so as to stop all cont- 
munication between the external air and the interior of 
the vessd, when tbe water contained in it becomes he>l«d 
steam will rise irora its surface, and the air enclosed in 
the space between tbe surface and the lid being healed, 
will acquire an increased elastic force. From these cauua, 
^ pressure which acts on the surface of tbe water in 
Ibe kettle will conlinitally increase, so long as ibe lid 
mainUitM it* po«ilion ; this pressure, transmitted by the 
water in the kettle, will overcome the pressure of the 
Mmosphere acting on the water in the spout, and the 
~ :t will be that the water will be raisnl in tbe spout 
flow from it ; or, if tile lid be not tirmly enough 
withstand Ote iireSBVire o? ^ive sJ.ea.«\, "\\. -^Vi \>i 



blown off the kettle. Such effects fall within every 
one's experience. If a Binall hole were mode in the lid 
these efl^ls would be prevented. 

Ink bottles, constructed so as to prevent the incon- 
Tenience of the ink thickening and drying, owe their 
efficacy to the atraoBpheric pressure. The quantity of 
evaporation which takes place in the hquid, other cir- 
cumstances being tlie Bame, la proportional to the quan- 
tity of surface exposed to the external air. To diminish 
this quantity of surface without inconveniently dimin- 
i^ung the quantity of ink in the bottle, bottles hava 
been constructed of tlie diape represented in fig. 18. 
Fig. IB. 
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A B U a clo«e glass vessel, from the bottom of which a 
ahort tube B proceeds, from which another short tube 
riaes perpendicularly. The depth of tlie tube C is such 
t> will be sufficient for the immersioii of a pen. Whoi 
ink is poured in at C, tlie botde, being placed in an itt- 
elined position, is gradually filled up to the knob A : if 
the bottle be now placed in the position represented in 
the figure, the chamber A B being filled with the liquid, 
the air will be excluded from it, and the pressure tend- 
ing to force the ink upwards in the short tube C will be 
equal to the weight of the column of ink, the height of 
which is equal to the depth of the ink in the bottle A B, 
and the base of which ia equal to the section of the tube C. 
This will be manifest from the properties of hydrostatic 
pressure established in Hydrostatics, chap. iii. Now the 
atmospheric pressure acts on the surface C with a force . 
which would be capable of susuiiniivg «k eo\>UDXi, ol ' 
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^^^^B9^7 1^^ ^^ height of the bottle A B ; 

^^^Hus preesure will efiectuoUj' resist the escape 

^^^^pom the mouth C, and -niU keep it suapeniled ii 

^^^^btde A B. In this aise the whole surface, which ii 

^^^BSKposed to the effect of cTaporatian, is the surface of 

^^^liquid in tlie tube C ; and, conae^uenlly, an ink bottle 

of this kind may be left many motithe in a warm mom, 

and no .perceptible diroinutioa in the quantity of ink or 

change in its quality will take place. As the ink iu 

the short tube C is consumed by use, its surface will 

fall to a level with the tube B. A small bubble of air 

will then insinuate itself through the tube B, and wiD 

rise to the top of the bottle A B ; there it will exert an 

elaatic pressure, which will cause the siufuce in C lo 

rise a little higher, and ihia effect wiU be continuaDj 

repeated until all tlie ink in the bottle has been used. 

The only inconvenience which has been attributed to 
these ink bottles arises tram sudden changes in the 
temperature to which tlicy are exposed. ^Yhen the 
external air, having been previously warm, becomea sud- 
denly cool, the small quantity of air which is included 
in the bottle A, not being cooled so fast as the external 
air, will exert an elastic pressure which will cause the 
ink to overflow at C. This is an effect, however, which 
we have never observed, although we have seen these 
bottles much used. 

If such an ink bottle be placed upon a marble diimney 
piece, or any other surface heated beyond the tempera* 
turc of the air in the room, the air confined in the botde, 
will then become heated, and acquire increased 
force, and, in this case, the ink wUI overflow. 

The fountains for supplying water to bird ca{ 
constructed upon the same principle. 

The pneumatic trough ujed in the cliemical labor** 
lory, and the gas holders, or gasometers, used in ga« 
works, depend on the atmospheric pressure. A vessdi 
^ hiving its mouth upwards, is completely filled with ■ 
The mouth is then stopped, a flat piece ofglau, 
a smooth pkte of metal, pressed against it, auil die 
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vessel is inverted, the mouth being plunged in a cistern 
filled with the same liijoid. If the height of the vcEsel 
in this case he less than the height of the column of the 
liquid which the atmospheric presaure would support, 
the vessel will continue to be completely (Uled with the 
Kquid, even after the plate is removed from its mouth; 
for the atmospheric pressure acting on the surface of the 
liquid in the eistem will prevent the liquid contained in 
the vessel from falling out of it. Any one may satisfy 
himself of this fact. Take a wine gla-ts, and SU it with 
water, and then having applied a piece of card to its 
mouth so as lo prevent the water &om escaping, invert 
it, and plunge the mouth downwards in a basin of water. 
Let the card be then removed, and let the glass be raised 
above the surface, still, however, keeping the edge of its 
moulh below the surface. It will be observed that (he 
glass will still remain completely filled with water. Take 
■ small quill, or a hollow piece of straw, and insert one 
end in the water, so that it will be immediately below 
the mouth of the glass, and at the same time blow gently 
through the other end, so as to introduce air in small 
qnantiEieB into the water immediately under the moulh of 
the glass. This air will ascend in bubblee, and will And 
its way to the highest part of the glass, and, remaining 
there, will espcl the water from it ; and this will con- 
timie so long as air is supplied, until all the water con- 
tained in the glass is expelled from it, and the glass ia 
filled with air. If the process be further continued, the 
ait will begin to escape under the edge of the glass, and 
rise in hubbies to the surface. , 

The pneumatic trough is a large cistern filled with 
mercury, in which is placed below the surface of the 
liquid a shelf to support a receiver. By plunging any 
Teasel in the deeper port of the trough, it may be filled 
with mercury, and if it be slowly raised, keeping its 
mouth Etill below (he surface of the liquid, it will still 
remain filled with mercury by the pressure of the at- 
mosphere acting on the surface of the mercury in the 
trough. The moulh of the vessel may tVveti \iii ^\a«i4. i«i 
I 2 
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the shelf, while llie Tessel itself is above the suriice of 
I the mercury. The trough is represented in fig. 19< 







A B. The shelf is placed in it at C ; a. recover B^H 
placed on the fihelf, with its mouth iloirnwanls, over^^^ 
aperttire D, which coramimicates with a tube, by wUi^l 
gas may be introduced. The gas passing through the 
tube tiscB in bubbles through the mercury in the recdver, 
and lodges at tlie top ; and, by continuing this process, 
the whole of the mercury will at length be expelled from 
the receiver, and its place filled with the gu. In this 
manner gases of various kinds may be preserved out of 
contact with the atmosphere, and Ihe same shelf maybe 
furnished with several holes, and may support a 
of different jars. 

The gaEometer used in gas works is conitruclei 
the same principles, only on a different scale. Vi 
used for great supplies of gas, such as are neceisary f 
the illumination of towns, these vessels are constructed 
of a very Urge dze, and are immersed in pits lined with 
cast iron, and Ailed with water. It is dear that all wbicb 
has been juat explained will be equally applicable, what- 
ever l>e the liquid used in the cistern ; and for differenl 
gtsea jl is necessary \a uee iMSeicnX Ua^&&, hi«« the 
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contact with particular liquids will frequently utFi^ct the 
quality of the gas. 

The peculiar guggling noise which ia produced in de- 
canliiig wine arises from the pressure of the atmosphere 
forcing air into the interior of the bottle. In llie first 
instance, the neck of the bottle is completely filled with 
liquid, BO as to stop the admission of air. ^Fhen a part 
of the wine has flowed out, and an empty space is formed 
within the bottle, the atmospheric pressure forces in a 
bubble of air through the liquid in the neck, which, by 
rushing suddenly into Ihe interior of the bottle, produces 
the Eound alluded to. This effect is continually repeated 
so long as the neck of the bottle continues to be choked 
with the Uquid. But as the contents of the bottle are 
discharged, the liquid, in flowing out, only partially fills 
the neck, and while a stream of wine passes out through 
die lower half of the neck, a stream of air passes in 
through the upper part. The flow in this case being 
continual and uninterrupted, no sound takes place. 

The atmospheric pressure acting on the surface of 
liquids maintains air combined with them in a greater 
or lesser quantity, according to the nature of the liquid. 
If an open vessel, containing a liquid, be placed und^ a 
recraver, and the air be exhausted, the air combined with 
the liquid will be immeiliaiely set free, and will be ob- 
aerved to rise in bubbles to the top. This effect will 
be Tery perceptible if water be used, but still more bo in 
the case of beer or ale. 

When liquor is bottled, the air confined under the 
cork is condenaed, and exerts upon the surface a pressure 
gteater than that of the atmosphere. This has die effect 
of holding in combination with the liquor air, which 
under the atmospheric pressure only would escape. If 
any air rise from the liquor after being bottled, it causei 
B still greater condensation, and an increased pressur* 
above its surface. 

If the nature of the liquor be such as to produce air 
in considerable quantity, this condensation will at length 
become so great as to force out the coiV -, ot ^sSitt^W 
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do that^ break the bottle. This is found to happen fire- 
quently with beer^ ale, or porter. The corks. in sudi 
cases are tied down by cord or wire. 

When the cork is drawn from a bottle containing 
liquor of this kind^ the fixed air being relieved from the 
pressure of the air which was condensed under the eork 
instantly makes its escape^ and^ rising in bubbles^ pro- 
duces efferrescence and froth. Hence the head obeenred 
on porter and similar liquors^ and the sparkling of diam- 
pagne or dd^. 



(147.) When a part of the air enclosed in any veBgel 
is frichdrawn, that which remains expanding by its elastic 
property IiIIb the dimensions of the vessel as effectually as 
before. Under these circum stances, however^ it is ob- 
vious that any f^Ten space within the resscl contains a 
less quantity nf air than it did previously, inasmuch as 
vhile the whole dimensions of a vessel remain the same 
the total quantity of air diftlised through them is dimi- 
nished. When the same quantity of air in this manner 
is caused to expand into a greater space it is said to be 
rarfjied. 

But, on the other hand, when a vessel containing any 
quantity of air is eansed to receive an increased quantity, 
by additional air being forced into it, then any given por- 
tion of its dimensions will contain a proportionally 
greater quantity of aii than it did before the additiiHial 
Mr had becii forced in. Under these circumstances, the 
sir contained in the vessel is said to be mndensed, and it 
is our purpose in the present chapter to describe the me- 
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fe^taBly on its mouth so as to be perfect}; ^-ti^t, be 
|i]Ked under the recaver of the air pump, on withdraw- 
ing the air the elastic foree of the air confined in the 
bovl being still undiminished, and l)eini; no longer ba- 
lanced by the atmospheric pressure on the outside, tbe 
bladder will be blown into a convex form ; and when ibe 
luc in the receiver is so rarefied that the elasticity of ihe 
air confined in the bowl suffers little resistance, the 
bladder will burst, and the air confined in the bowl will 
expand through the receiver. 

(152.) Fruit wtien dried and shrivelled contaioB within 
it particles of air, which are held in its pores by the pres- 
sure of the external atmosphere. If, therefore, this 
pressure be removed, we may expect that the aii tbuE 
confined will expand, and if there is do aperture in ibe 
akin of the fruit for its escape, it will distend the skin. 
Fruit in this case placed under a receiver will assume 
the appearance of ripeness by exhausting the air ; for lite 
expansion of the air contained in the fruit by infianng 
the skin will give it a fresh, ripe appearance. Tbu* 
shrivelled apple will appear to grow suddenly ripe 
fresh ; and a bunch of raisins will be converted 
bunch of ripe grapes. 

(153.) A flaccid bladder dosed so as to be aij 
at the mouth contains within it a small portion of lil? 
Fig. 27. This air presses by its elasticity on the 
CF] inner surface, which is resisted by the 

atmospheric pressure from without. If 
such a bladder be placed under the re- 
I eeiver of a pump and the air exhaustedi 

the external pressure being thus removed, 
the elasticity of the air included will 
cause the bladder to swell, and it will 
take all the appearance of being fully in- 
flated. Such a bladder placed under se- 
veral heavy weiglils will raise them bj 
the expansion of the air. 

(IM.) Let a close glass vessel 
fig.27., be partially filled with 
3Ib and let the tube C D be inserted 
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,its necl, the end D being below the surface of the 
water; the air above the surface irill thus be confined. 
If Buch a vessel be placed under a receiver, and the air 
be withdrawn, the elastic force of the air confined in A fi 
above the surface of the water will press the watei up in 
the tube DC, from which it will issue in a stream at C, 
when the pressure of the atmosphere is sufficiently re< 
moved by rarefaction. 

{15.5.) By means of an air pump 
demonstrate that the power which i 
the piston in a pump i) 
showing that the water will 
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e enabled to 
»let to follow 
oaphetic pressure, by 
t follow the piston when 



that ntmospheric pressure is removed. Let a small e: 
hausting syringe, with its lower end in a vessel of water, 
be placed on the plate of the air pump, and let a glass 
receiver, open at the top, be placed over it. On the top 
nf this receiver let a brass cap fittiug it air-tight be placed, 
through a hole in the centre of which a metal rod ter- 
jninating in a hook passes air-tight. Let the book be 
attached to the end of the piston red, so that by drawing 
die rod up through the air-light collar, the piston may be 
drawn from the bottom of the cyUmicr towards the top. 
If this be done before the air has been exhausted from 
flie receiver, the water will be found to rise after the 
piston aa in the common pump ; but as soon as the 
air in the receiver has been highly rarefied, it will be 
fonnd that although the piston may be drawn up in the 
s^nge the water will not follow it. This effict may be 
rendered visible by constructing the barrel of the pump or 
Bjringe of glass, through which, the water will be seen 
to rise in the one case and not in the other. 

(156.) If an air-tight piston be placed in close con- 
tact with the bottom of a syringe not fiimished with a 
valve, any attempt to draw it up will be resisted by the 
atmospheric pressure ; and if it be forced to the top of 
tbe cylinder and there discharged, it will be immediately 
lu^ed with considerable force to (he bottom. The al 
spheric pressure above the piston, acting with a force of 
about 15 pounds on tbe square incb^ produces this efifect; 
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for the space between the piston and (be bottom of die 
cyiiHiler not containing Bnj oir, this pressure is onre- 
riBted. Now if this piston be inBoduced under the rt' 
eeiver of (tn air pump, and be drawn up as alresdj 
described, it will be found that in proportion as the ^ 
is withdrawn from the receiver, less and less force will 
bereqmred to produce the efifect; and, at length, tihe tare- 
faction will become so great, lliat the pressrure of the re- 
maining air is incapable of OTercominf; the friction of 
the piston with the cylinder, and it will, when drawn to 
the top, remain there, without returning to ihe bottom. 
Id this state, let the air be re-admitted to the receiver ; 
the piston will then be immediately pressed lo tlie bot- 
tom of the cylinder. 

(157.) The celebrated experiment of the Magdeburgh 
hwnispheres may be performed by mean* of an air 
■~ o hollow hemispheres, construcled of brass, 
as represented tn fig. 38., are to 
formed that when ]ilac«d mouth to 
mouth they shall be in air-tight eon- 
laot. They are furnished with handles, 
one of which may be screwed off. In 
the neck to which this handle ie 
screwed is a tube fumislied wiih a 
Blopcock. The handle bang screwed 
off, let the hemisphere be screwed on 
the pump plftle, and the other hrmi- 
sphere being placed o\'er it, let ihc 
Btopcoch be opened so as lo leave a 
^e communication between the in- 
terior of Ihe sphere and Ihe exhaust- 
ing tube of the air pump. The pump 
being now worked, the interior of the 
e will fbrm the receiver tVom which all communi- 
cation with the external air is cut off, and rarefaction 
will be produceil in it to any degree which may be de- 
—jiretl. This being eSbeted, let the slopcock be cloio' 
' id lei the sphere he detached from the pump plate, | 
hbaadle screwed upon U. IS fl\en 'i^ v 
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be ilravm in opposite (lirectionB, so ns to pull tlie hemi- 
spherea fiom one another, it will be found that they will 
resiit with considerable force. If the diameter of the 
sphere be 6 inches, its section through the centre mill be 
■bout SS square inches. The hemispheres will be pressed 
tt^ether by a force amounting lo IS pounds for everji 
equate inch in the section. If 58 be multiplied by IS) I 
we shall obtain 420, which is the amount of the force i 
with which the hemispheres will be held together. If 
one of tlie handles be placed on a strong hook, and a 
weight of 400 pounds be Guepended from the other, the 
weight will be supported by the pressure of the atmo- 

This was one of the earliest experiments in which the 
eSbctB of atmospheric pressure were exhibited. Otto 
Guericte, the inventor of the air pump, constructed, in 
l634, a pair of such hemispheres one foot in diameter. 
Tlie section through the centre of these was about 113 
square inches, which multiphed by 15 gives a pressure 
amounting to about 1700 pounds. If the exhaustion 
were complete, the hemispheres would be held together 
by this farce; but, even though incomplete, they were 
siill able to resist a prudigious force tending to draw { 
then) BEUnder. i 

(158.) It is a consequence of the general theory of 
gravitationj that under the same circumstances, bodie* 
are attracted in proportion lo their mass; and hence it 
would follow, that all bodies, whatever be their masses, 
should full at the same rale. Now the instances which 
most commonly come under our observation seem to 
contradict this inference ; for we find a piece of metal 
anil a piece of paper fall at very different rates, and still 
more dillbrent is the rate at which a piece of metal an4, 
a feather would fall. The cause of this circumstaace^^ 
however, is easily explained. The resistance ofiered bj 
the air is proportional to the quantity of surface whichi 
the boily presents in the direction of its motion. Now j 
the metal may present a considerably less surface tl 
the feather, while the force which it, eiien& W 



is many times greater, becHuse of iU greater 
' weigliC. Hence it fallows, that the resistance nf (lie lir 
produces a different effect on ihe met*] compared witb 
the eflect which it produces on the feather ; but al] iloubt 
will be removed if the feather and the metfl we allowed 
a chamber from which the air haa been wilh- 
i-eris represented in^. SQ., wbidi 
maj be plaeed on the plate of in 
air pump, and on tlie top in ptieed 
a, brass cover, which is air-tight. 
Under tliia several brass stages *re 
attached, constructed in the man- 
ner of tra^ doors on llle hinges, 
and supported by small pins, which 
project horn the udes of s metal 
rod, passing llirough an air-tighc 
collar in the brass cover. By tiirn< 
ing this metal rod the pins may be 
removed from under the trap doors, 
and they will fail, disengaping 
wlmlevermaybe placed upon ihem. 
Suppose a piece of coin and a fea- 
ther be placed upon one of these 
stages, supported b; a pnyeccing 
pin. This arrangement being made, 
let the brass cover be placed on the 
receiver, so as to be air-dghl, and 
let tile receiver be then exhausted 
by the pump. Wlien a high degree 
of rarefaction has been produced^ let the rod be tnmed 
by the handle at the top, so as to remove the pin frotn 
under the stage ; the coin and the feather will be imme- 
diately lel fall, and it will be observed that they will both 
descend at exactly the same rate, and strike the bottom 
U the same instant. This is the experiment commonly 
known by tlie name of " the guinea and feather expet:^ 
meat." 

(1S9.) The surgical process called cupping c 
in removing the almosiAiEaac preiaaie fewa 'Saa \ 
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the tKxIy submitted to the operation. A vessel witli an < 
opeu mouth is connected with an exhausting syringe. 
The mouth is apphed in air-tight contact with the skin, 
and, by forldng the syringe, a part of the air is with- 
ilrawn from the vessel, and, consequently, Ihe skin within 
the mouth of the vessel is relieved from its preBaure. All 
the other parts of the body, however, being still subject. 
lo the atmospheric pressure, and the elastic force of the 
fluids contained in the body having an equal d^:ree of 
tension, that part of the skin which is thus relieved from 
the pressure will be swelled out, and will have the ap- 
pearance of being sucked into the cupping glass. If tile 
skin be punctured by lancets, the blood will thus be drawn 
from it in a peculiar manner. 

(160.) That Ihe presence of air is necessary for the 
' ' 1 of sound may be strikingly illustrated by 
IT pump, A small apparatus, fig. 30,, which, by 
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hlg drawn upwards and downwards alternately, t 
ft bell lo ring, is placed on the pump plate, and covered 1 
by a receiver with aji open lop. A \nwa c 



[^Bbed with ■ sUding lud, is placed upon this. TIm 
diding rod is terminated in a hook, whicii catdiei the 
apparatus, and by which it may be alternately ni9«d 
■od lowered, without allowing any air to paBs into the 
receiver. The apparatus being thus suspended in tlie 
receiver by a dlken thread, so that it shall not touch tlie 
botCam or aides, let the air be exhausted by the pump. 
When the rarefaction has been carried to a sulEcieDl 
extent, let the rod be alternately raised and lowed 
so that the bell sliall ring. It will be found to h ' 
audible. 

If the air be now graditally admitted, the sound * 
first be barely audible, but will become louder by deg 
until the receiver is again AUed nitb air, in the nnM 
aCate as the external atmosphere. In this experiment 
care must be taken not to let the sounding appnatui 

the pump plate, for it will then comnmnic* 
Mteation to that, which will finally affect the e 
and produce a sound. 



he auM 

perimeut 
.ppnatui 

■Titration to that, which will finally affect the extq^^H 
^ and produce a sound. ^^^^ 
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77ie condejiaing Syringe. 

(l6s.) The condensing syringe is an 
which a greater quantity of air may be forced i 
vessel than that vessel cqntuns when i( has a 
munication with the external atmosphere. 

Let A B, j%. 31., be a cylinder furnished with a pi»< 
ton P which moves ait-tight in it. Let C be a tube pro- 
ceeding fixjm the bottom, and furnished with a stopcock. 
Let us suppose this tube to commtmicate with the receiver 
or veasel R, in which it is intended to condense the ur. 
Let another tube D proceed irom the cyhnder, also Air- 
Dished with a stopcock. Let the piston be now drawn 
to the top of the cylinder, both stopcocks being open. 
The receiver R being in free communication with the 
atmosphere, nUl contain air of the same den^ty and 
■jMeaure as the eKtemal ntmosphere. Let the stopcodi 
"" he now closed, and let the piston be pressed to the 
of the cylinder, the aii EDt^&nolua, dt£ cylinder 




below the piston will thus be forced chrough the tube C 
into the vessel R, while the piston is presEeil agaiiiet the 
bottom B. Let the stopeock C be closed so ea to pre- 
J^. 31, vent die escape of the air from the 

vessel R, and let the stopcock D be 
opened so as to allow a free communi- 
cation between the cylinder A B and 
the extemel atmosphere. Let the pis- 
ton be again drawn to the top of the 
cylinder. The cylinder will then be 
filled with atmospheric air of the eame 
density as the estemal atmoaphere. 
Let the stopcock D be closed and C 
opened, and let the piston be once 
^ : forced to the bottom of the oy- 
jl linder, the conlcnta of the cylinder 
will he thus again dischai^ed, and 
forced into the receiver R. Let the 
stopcock C be again closed, and let the 
process be repeated. It is evident that 
at each stroke of the piston a volume 
of atmospheric air will be fatc«d into 
the receiver equal to the dimensions of 
the cylinder AB; and there is no 
limit to the degree of condensation, 
except that which depends on the strength of the receiver 
Rftnd the cylinder and tubea, and on the power by which 
the piston is urged. 

After each stroke of the piston, the density of the air 
in R is increased by the admission of as much atmo- 
spheric air as fills the cyUnder A B, and therefore the 
density, as the process advances, receives equal incre- 
ments at each stroke of the piston. Let us suppose thtt 
the receiver R has ten limes the capacity of the cyhnder j 
A B, and let us suppose that the clastic pressure of thg. I 
air in R at tlie coininencement of the operation is ex-* ^ 
pressed bythe number 10. Afti'r the first stroke this pres- 
■nre will be expressed by the number II, inasmuch aa 
the qaantiCy of air in R has been incteMei'Xi'j owe vnv'&k 
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£ its Tolnnie. After the second stroke llie prasun 
will be expressed by the number 12. After the Qiirdb; 
the number 13, and so on. 

In the form given in practice to the condmsiDg 
■fringe, the neceseity for jnanipuiacing by the stopcocki 
iiEie represented is removed. A silk valve, such u 
that described in the exhausting syringe ia placed in Uie 
tube C, Jiff. 32,, but opening down- 
wards. The neck of the receiver R is 
AirniBhed with a stopcock uul a tube, 
which terminates in a screw. This 
screw is connected with a correspond- 
ing one proceeding from the bottom of 
the syringe. By this arrangement, the 
au is capable of passing through the 
silk valve from the syringe to the re- 
ceiver, but not in a contrary direction. 
A small hole is made through the pis- 
ton, extending from the upper to the 
lower surface, and the silk valve is ex- 
tended across this hole on the lower 
surface, so that air ia capable of pas- 
sing through this valve to the cylinder 
below it, but not in a contrary direc- 

Now let us suppose that the air la 
the recover has the some pressure tod 
density as the external almospbere, and 
let the piston P be at the lop of the cy- 
linder, the air in the cylinder A B also 
having (he same pressure and density as tlie external air- 
By [iressing the piston towards the bottom of the cy Under, 
the air enclosed will become condensed, and by its in- 
creased pressure will open the valve V, and as the piston 
descends will be forced into the receiver R. >V1ien the 
pblon has arrived at the bottom, all the air contained ia 

■ylinder will be transt'erred i 
^irill be retained there, bccauBc the valve V, 
wards, will not pCTrraiiu letfttvi, l£ ihe ^ 
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now drawn up it will leave a vacuum below it when it \ 
b^na to ascend, but the pressure of the atmosphere above 
will open the valve V, and the air rushing through will 
flU the cylinder as the piston ascendsj and when the pis> 
ton has arrived at the top of the cylinder, the space 
below it will again be filled with atmospheric air. By 
the next descent of the piston this air is forced into the 
receiver R as before, and so the process is continued. 

It should be observed, tJiat when the piston P is drawn 
to the top of the cyUnder, the air which has passed into 
A B has not quite so great a pressure as the external 
atmosphere. This arises ftom tile valve V requiring 
some definite force, however small, to open it. When 
the air which has passed into the chamber A B ac- 
quires a pressure which is less than the atmospheric 
pressore by an amount equal to the tension of the valve 
V, ihen die excess of the pressure of the atmosphere 
over the resistance of the air contained in A B vrill he 
insufficient to open the valve V, and no more air can 
pass into the cylinder. It should also be observed, that 
the valve V being pressed upwards by the elastic force of ■ 
the air condensed in the receiver requires a still greater ■ 
pressure than this to open it, and therefore before the H 
valve V can be opened, the air enclosed hebw the piston 1 
P roust always be cmdensed by the pressure of the pis- 
ton in a higher degree than the air is comlensed in the 
receiver. The observations which have been made re- 
specting the limit of the operation of the exhausting 
syringe, arising from mechanical imperfections and other 
causes, will also be appUcable here. However nicely (he 
piston P, and the cyUnder in which it plays, may be 
constructed, there will sdll be some small space remain- 
ing between it and the silk valve V, when it is pressed to 
the bottom of the cylinder. Into this space the air con- 
tained in the cylinder may, (inally, be condensed; and 
when (he pressure of the air contained in the receiver 
becomes equal to the pressure of the air condensed into 
the space between the piston nt ft\e hoUoTQ at 'ifet «."j- 
llader ami ibe silfc valve the nperalioti ol &e \\iB3MHJKtB. 
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must necessarily cease; for then the utmost degree of 
candenBiidon which can be produced above the silk Tilve 
V will be insufficient to open the valve, and therefore the 
syringe cannot introduce more air into the receiver. 

»■ The Condenier. 

f (163.) The condenser has the same relation to the 
l^aratua just ilescribed, as the air pump has to the ex- 
hausting syringe. The condenser consists of a receiver 
firmly and conveniently fixed, communicating by a tube 
with one or two condensing syringes, Which may he 
worked in the same manner as the exhausting syringe 
described in the air pnmp. 

In the use of such an instrument it ia convenient to 
possess the means of indicating the degree of condens- 
ation which has been effected. For this purpose a mer- 
J'ig. 33. f. curial gauge is used andogous to that 
A It which is applied to the air pump. A 

bent tube, ABC, Jig. S3., contains a 
small quantity of mercury, S,B,S', in the 
curved part. When the ends of the tub* 
; open, and in free communicuion 
th the atmosphere, the surfaces, 9, B', 
will stand at the some level. The ex- 
tremity C is furnished with a stopcock, 
by which a communication with the at- 
moBpliere may be permitted or inter- 
cepted. The extremity A comniuni- 
'^^^ cates by a tube with the receiver in 
which the air is to be conclensed. At the conunence- 
inent of the process, before any condensation has taken 
place, the stopcock C ia closed, and the air inelodcd 
between it and tlic surface 8' has then the same pressure 
OS the external atmosphere. The air in the receiver 
having also that pressure, the two surfaces S and S' ne- 
cessarily stand at the same level. When the condens- 
ation of air in tlic receiver commences the iireasure on 
tJiC surface S is increased, therrfoie vW". siiln™ (»1U, 



and the surface S' rises. The pressure of tlie air ron- 
d^ised iu the receiver will [bus be baluiced by tlie weight 
of the column of mercury between ibe levels S and S', 
together with the pressure of the air inclosed between 
S' and C. But by what has been proved in (133.) it 
foDoWB, that the pressure of the air inclosed in S' C is 
increased in the same proportion as the space S' C has 
been diminished. Now, as (he original pressure of the 
air contained in this space was equal to the pressure of the 
■Unosphere] it is always easy to find the pressure of the 
air reduced in bulk by increaaing the aroouni of atuia- I 
spheric ptessure in the same proportion as the space ] 
8' C has been diminished. Thus, if the ur enclosed 
in the tube be reduced to half its original bulk, then 
the pressure it eserts will be double the atmospheric 
pressure. If it is reduced to two tliirds of its bulk, 
then the pressure of the enclosed air will be to the 
atmoipheric pressure in the proportion of three to 
two, and so on. The pressure thus computed being 
added to the pressure arising from the column of 
mercury between tile terets of the surfaces S and S*, 
wUl give the whole pressure of the air condensed in the , 
tWMdrer. 

Although the condenser is not without its use in ex- I 
perimental physics, yet it is an inEtniinent far letc 
important than the air pump to 'Rhich it ia so analogous. 
Tlie eases are iimumerable in which it is necessary to 
enquire what efi'ect would take place in the absence of 
the Ktmosphere ; but they are comparativety few in 
which it is necessary to investigate what eflects would 
be produced under increased aimoaphenc pressure. 

We do not, therefiare, think it necessary in a treatise 
of this nature to enter into fiirther details concerning the 
condeuser. 
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(161.) MA0HINE3 of a great vsrietjr of fanns, and coa- 
■tructedupon Tarioua prinEipIeH,derivedfromme<:haiuci, 
hydroBUticBj and pneumatica, have been applied Ui the 
purposes of raising water above iCa natural leveL TheK 
machines generally are called Pvmpt. 

The most simple machine of this descripl 
wliich is called 



me lifting Pump. 

(165.) Let A B D C, jig. 34., be a short cylii 

^. 31. Bubnierged in the netl 
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from which the water is la 
be raised. This cylinder com- 
municates by a valve *, with a 
tube or pipe C £, which is eir- 
ried upwards to nhalever height 
it 19 required to raiie the waie>. 
A piston moves water-tight in 
the cylinder A D, ami is woifcol 
by a rod or fnunework, aa re- 
presented in the figure. This 
piston is furoislied with a valve 
Vj which opens upwanls. 

When the piston descends, the 
pressure of the water opens the 
valve V, and the cylinder between 
the two valves is filled with wa- 
ter. ^Vlien the piaton is raised, 
the water between the valvei 




being pressed against the vilve so open! 

driven into the tube C E, from which its 

tercepted by the valve x. The water follows the piston 

in its ascent hj the hydrostatical pressure of the water in 

the reservoir outside the cylinder ; an<l on the next de- 

Bcent of the piston water will again pass through the 

ytiye v, which will be driven ilirough the valve e on its 

The use of the valve x is evidently to relieve the 
vdve V during the descent of the piston from the pres- 
sure of the column of water in the tube C G. If the 
valve V were Eutgect to that pressure, it would fail to be 
opened during the descent of the piston by the pressure 
(rf the water in the well, because ilie level of that water ia 
necessarily below the level of the water in the pipe C E. 

The use of the valve u is to prevent the return of the 
water through the piston during its ascent. In drawing 
up the piston a force will be necessary suificient to sup' 
pott the entire column of water from the valve « to the 
siuface of the water in the tnbe CE. The actual amount 
of this force is the weight of a column of water, whose 
base is equal to the horizontal section of tlie piston, and 
whose height is eigual to the height of the surface of the 
water in the tube C E above the valve v. It is evident 
that after each stroke of the pump the pressure on the 
piston and the force necessary to raise it will be increased 
by the weight of a column of water whose base is the 
horizontal section of the piston, and whose height is 
equal to the increase which the elevation of the column 
in CE receiveB from the water driven through the 
valve «. 

(166.) The ingenious form of pump represented in 
fig. S5. acta upon the principle of the lifting pump, 
though very different from it in appearance. It is re- 
commended by the circumstance of being free from fric- 
tion, or nearly so, and by being capable of being worked 
by the weight of an animal walking up an incUned 
plane, one of the most advant^cous ways in which a 
jual power can be applied. 
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to the weight of the column of w&ter Taisetl above 
the leTel of the water in the welt. 

It followi from this, that if the beighi of the forR 
pipe be equal to the length of the Euction pipe, dten the 
piston must be pressed upwards and downwards wilb 
the same force ; but if the height of the force pipe bt 
greater or less than tlie length of the sucdon pipe, ita 
the downward pressure Tonst be greater or less, in the 
Game proportion, than the force which draws the piltan 
up. In fact, the force which draws the piston up il 
tills pump, after the water has been raised to the vain, 
is uniform, while the force with which tfae pieton mult 
be ui^ed downwards is conliuQally increasing, antil ibe 
water in the force pipe reaches its point of discharge, 
and until the discharge bet^omes equal to the supply. 

The supply of water by the force pipe through the 
valve V, is evidently intermitting, being suapenJeil 
during the ascent of the piston ; it follows, tlierefore, 
that the flow from the point of dischai^ will be liaUe 
to the same intermisnon, if means be not adapted ti> 
tliis effect. A cistern placed at the lop of 
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■■•e force ppe, as already described in the sue 

may serve the purpoBe, but it h generally more con- 
Tcnient to use an apparatus called an air vessel, whitl) 
ia represented in fy. 'jg. Immediately above the valw 



OHAP> VI. AIB VESSEL. 32S 

V a short tube commiiniGa.tes with a. stmng close vesaCA 
of sufficient capacilj' ; through the top of this vessel the 
force pipe G U passea, and descends to a point near tlia 
bottom. By llie action of the pump the water h torcei 
into the vessel M N, and when its surface rises above 
the mouth H of the force pipe, the air in the vessel M N 
ii confined above the water ; and as the water is gra- 
dlialJj forcetl in, this air is compressed, and acts with 
increased elastic force on the surface of the water : [bis 
presBuie forces a column of water into the pipe H G, 
and maintains that column at an elevation proportional 
to the elastic force of the condeURcrl air. When the air 
in the vessel M is reduced to half its original bulk, it 
will act on the surface of the water with double the 
atmospheric pressure; meanwhile, the water in (he force 
pipe being subject only to ouce the atmofipherjc pressure, 
there is an unreaisicd upward force equal fa the atmo- 
spheric pressure which sustains the column of water in 
the tube : a column will then be sustained about 3i feet 
in height. When the air is reduced to one third of its 
original bulk, the height of the column which it can 
sustain is 68 feet, and so on. If the force pipe termin- 
ate in a ball pierced with small boles, so as to form a jet 
ieati, tile elastic pressure of the air on the surface will 
eanse the water to spout from the holes. 

It is of great importance in the forcing pump that 
(be piston should be truly water-tight in the cylinder, 
and in practice this is not always very easily accont- 
plished. The arrangement represented in Jig. 40. is 
better adapted to insure the perfect action of tlie pump 
than the form of piston already represented. In thia 
case a jwlished cylindrical metal plunger P passes 
through a collar of leathers A B, which exactly fits it ; 
and it is maintained perfectly air-tight and water-tight 
by being lubricated with oil or tallow. When the 
{Hunger is raised, the space it deserts is replaced by the 
water which rises through the valve V ,- and when It 
descends, llie water whicli filled the space into which it 
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B driTen before 
e fore* pipe. 



t ihrough the v*lve V" i 



■ If the forcing pump, repreBcalcd in fig. 38., be MMn- 
*ely consiilereil, it will be perceived that the principlo 
B which the piBtoQ acts in its ascent and descent are 




perfectly ilistinct. In its ascent it is employed in drBO- 
ing the water from the auction pipe into the pump bw* 
rel, and in its descent it is employed in forcing thil 
water from the pump barrel inlo the force pipe. No« 
Ihe piston being solid, and not tumielicd widi any Talre, 
there is no reason why its upper surface should not be 
employed in raising or propelling water as well as tbr 
lower. While the lower surface is employed tii draKiDf 
water from the suction pipe, the upper surface mighl be 
employed in propelling water into the force pipe; uii). 
on the other hand, in the descent of the piston, when 
die lower surface is employed in propeUing water inlo 
the force pipe, tile upper surface might be engaged in 
drawing water from the suction pipe. To accomplisti 
this, it is only necessary that the ^ of the cylinder 



should be closed, and that the piston rod tdiuuld play 
through an air-ti^t caUor, the top of the Cftinder com- 
municatiiig with the force pipe and the auction pipe, ai 
well as the bottom. 

Such an arrangement is represented in Jig. 41. When 
the piston ascenda, the suction valve F is opened, and 
water is drawn into the pump barrel below the piston ; 
aod nhen ihe piston descends, the suction valve F is 




closed, and the pressure of the piston on the water below 
it opens the valve C, and propela the water into the 
force pipe C G. Also, while the piston is descending, 
traler rises through the suction valve E into the barrel 
above the piston ; and when the piston ascends, the 
water being pressed upwards keeps the valve B closed, 
and opens the valve D, and is thus propelled into the 
force pipe. By this arrangement the force pipe receives 
a continual supply of water from the pump barrel with- 
out any interraission ; and in like manner the pump 
barrel receives an unremitting flow from the suction 
pipe. This will be distinctly seen, if it ia considered 
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^^KAh cither of tbe two suctiou valves K or F must be 

^^^Qbrays open. If the piston deseendg, ihe valve E ii 

^^^EpcD aoil F ia closed ; and if the piston ascends, the 

^^^^alvc B is closed and the valve F in open : a Btrean, 

^^^ flwrefure, continually Bows through the one valve or the 

Other into the pump barrel. In like tnanner, whedier 

the piston ascends or descends^ one of the valves C or 

D muBt be open : if it descends, the valve D is elosed 

Bind C is open ; if it ascends, the valve D is open ind 
C is closed. 
The Fire Engiat 
(169.) The fire engine is subject to a variety of dif- 
ferent forms, which all, however, agree in one principle. 
It generally consistfl of a double forcing pump commu- 
nicating with the same air vend, and instead of a force 
pipe a flexible leather hote is used, through which the 
water is driven by the pressure of the condensed air in 
the ^r vessel. A sectioQ of the apparatus is repreiraled 
inj^. 42. T is a pipe which descends into the teceivet. 




or to any vessel containing the supply of water. Thi« 
P^ COtunuuucatcs with two suciion valveaV, which opco 
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into the pump battels of two farcing pumps A B, in 
which solid pistons P are placed. The piston roda of 
iheie are connected with a working beam, so art^nged 
that a number of different persons may act on both sidea 
of it. Force pipes proceed from the sides of the pump 
barrel above the valvea V, and they communicate with 
an air vessel M, by means of valves V, which also 
open upwards. The pipe descends into the air vessel 
near the bottom, as already described in Jig. SQ. This 
pipe is connected with the fiexible leathern hose L, the 
length of which is adapted to the purposes to which the 
m&chine is to be applied. The extremity of the hose 
may be carried in any direction, and may be iutroduced 
through the doors or windows of buildings. By the al' 
temate action of the pistons water is drawn through the 
suction valve, and propelled through the forcing valves 
V', until the ait in flie top of the vessel M lieeomes 
highly comptesscd. This preawe acts continually on 
the surface of tlie water in lite vessel, and forces it 
through the leathern hose, so as to spout irom its extre- 
mity with a force depending partly on the degree of con- 
densation, and partly on the elevation of the extremity 
of the hose above the level of the engine. It is to bo 
considered that dvi pre>isuie of the condensed air has, in 
the first itiatance, to support a column of water, the 
height of which is equal to the level of the end of the 
tube above the level of the water in the air vessel ; and 
until the presaute of the condensed air exceeds what ia 
necessary for this putpose no water can spout from the 
end of the hose; and, subsequently, the force with 
which it will so spout will be proportional to the excess 
of the pressure of the condensed ait above the weight of 
the column of water, whose height Is equal to the eleva- 
tion of the end of the hose above the level of the water 
in the ait vesseL 

The Siphon. 

(170.) The siphon is a conttivance by which a 

liquid may he conducted tram one vessel to another 
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: pipe, which r 



..irongh wi inwrmediale channel i 
above the natural level of the water. 

Let O, fig- ^3., be a cisCem containing a liquid, U 
Fie- «. 




B B be the height over which it is necessary to conduct 
"Aat liquid. Let A B be a bent tube open at boUi 
enda, and let the teg B A be immersed in the liquid 
which it is required to transfer, and let the end C be 
ilirected into the vessel to wliich it is intended, to remove 
it. Let the air which fills the tube D B C be drawn 
tVom it by the mouth applied at C, or by an eichaustiag 
syringe. The atmospheric pressure immediately taking 
effect on the surface D of the water in the cistern will 
press the water into the tube A B, towards the point B; 
and if the point B be not at a greater height above the 
level of the cistern than 32 feel, then the water will 
rise lo the highest point B, and will flow so as to tUI 
the entire tube to the mouth C. 

To comprehend the principle upon which the siphon 
acts, let us suppose the water at the point B acted upon 
by two pressures, one towards C, and the other towards 
D. It will move in the one direction or in the other 
according as the one or the other pressure prevaitl. 
The atmospheric prc?B8ure acting on the surface D sup- 
pwta the column in the siphon between tlie snr&ce and 
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the poinl B, and it presses the water st B towards C 
with a presBure equal to the amount by which the at- 
mospheric pressure exceeds the weight of the column 
D B, which it suBtains in the siphon. The Umoapheric 
pressure also acts at the mouth C of the siphon, and ia 
resisted by the weight of the column C B. Jt exerts a 
pressure on the water at B, amounting to the excess of the 
atmospheric pressure above the weight of the column C B. 
Thus it appears that the water at B is urged towards C by 
a force equal to that pressure by which the atmospheric 
pressure exceeds the weight of the water in B D, and 
this force is resisted by a force equal to that by which 
the same atmospheric pressure exceeds the weight of the 
water in C B. Now, since the atmospheric pressure 
exceeds the weight of the water in D B by a greater 
quantity than it exceeds the weight of the water in B C, 
it followa that B will be urged towards C vrith a greater 
force than it is ui^ed towards D, and, therefore, that it 
will move towards C. It is evident that the excess of 
the force which urges it towards C above the force which 
urges it towards D wih be equal to the weight of the 
column of water C which is contained in the longer leg of 
the aiphon below the level of the water in the cistern D, 
If the leg of the siphon terminate at D', the forces 
which would act on the water at B would be equal, for 
the one would be the atmospheric pressure diminished 
hy the weight of the water in B D, and the other would 
he the atmospheric pressure diminished by the weight 
of the water in B 1/ ; but the weight of the water in 
B D and B V being equal, the forces which act on the 
witter at B will also be equal, therefore no water will 
flow from the siphon. If the leg of the siphon ter- 
minate above D' as at E, then the pressure on the water 
ftt B, the siphon being supposed to be filled, will be 
greater in the direction at B D than in the direction at 
B C] and, therefore, the water will flow back into the 
datern, and the siphon will be useless. 
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B to any higher levA as L, then the weight of the water 
B the ti^ below L will be balanced by the pmsuie of 
H water iB the vessel F G, and, therefore, the efficient 
g of the siphon will be B L. Thus, si the lurlace al 

lig. 43. 




V water liaes in the vessel F O, the actual 1^ ot the 
I shortened. When the surface L has rueo 
iowarda the level of the suiface D, then the legs of the 
siphon become equal, and, by what has been abeady 

J[ thua ai)peara that the siphon is luerely an instni- 
inent used in decanting a liquid, but that it doea not 
perform the office of a putnp in raising it above the 
level which it held in the vessel from wbicb it is drawn. 

The process of exliausting the syringe by suction, or 
otherwise, is frequently difficult and always inconvenient. 
But this may l>e avoided by presenting the l^;s of the 
uphon upwards in the first instance, and having stopped 
the shorter leg with the hand, filling the siphon through 
the longer leg C B. Both ends of the tube being then 
stopped, let them be pressed downwards, the shorter leg 
being introduced below tlie water in the cistern, and the 
longer leg being carried over the vessel in which 
liquid is to be decanted. 

The process of eixhaustion is sometimes facilittiic 
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die following mauDer : — A small tube proceeds fronv ■ 
die longer leg near its extremity nt D, Jig. 44. The 
txOvadtj A being immereed in the liquid, and the 
Mttremity C being stopped by the hand, the mouth ap- 
plied at the extremity E of the subsidiary tube will ex- 
batiEt the siphon and cause tile water lo rise in it. 

Wben the siphon is constructed upon a very large 
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Bcale this process is impracticable. In that case both 
ends of the tube A and C may be first plugged, and a 
hole tieing made at the highest part B, the instrument 
may be fiiled with liquid. The hole through which it 
ia filled being then plugged, and the extremities opened, 
the instrument will act. A siphon of any magnitude 
may thus be constructed, and water may be carricil over 
a hill, the perpendicuiar height of the top of the siphon 
not exceeding 34 feet above the level of the reservoir 
from which the water is to be drawn ; but It is obvious, 
also, that the basin into which it is discharged must not 
be higher than the level of the receiver from which it is 

The Wurtembur^ siphon has the convenience when 
once filled of always remaining so, the waste by evapOT- 
Btion oidy being supplied. This instrument ia repre- 
sented in^. 45. When not in use it vnvj be hun%u^ 



ipon a book or nail by the carved part B. The eodi 

1) Riid E win then be presented upwards, the liquid 
being retained in the tdphon by the atraoaphetic presnire 
acting an both surfaces at D and E. When the li^ 
B C D is immersed in a vessel of liquid, the surface D 
is pressed down by the weight of the incumbent liquid, 
and also by the atmospheric pressure acting above that. 
This pressure is transmitted to E, where it in resisted 
' itmospheric pressure only, consequently the 
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nter will be driven from E with a fbrce eqnira 

C hydrostatic pressure on the surface D. 



ne Air Gun, 



(17I-) The air gun is an instrunient for projecting balla 
or otlicr tnissileB by the elastic force of condensed a:" 

A strong metal ball is coniitructeil, furnished wi 
email hole, anil a valve opening inwards : in this ball 
air may be condensed to any degree which its Btrengtli 
is capable of bearing, by means of a condensing syringe 
screwed into the hole. 

When this condensation baa been accomplished, the 
ball is detached from the syringe and screwed at the 
breech of a gun, constructed so that a trigger is capable 
of opening the valve. The ball being placed in the 
barrel near tlio breech, and fitting the barrel so as to be ' 
air-tight, is exposed to the pressure of the condensed air 1 
the moment the valve is opened: this pressure propels J 
it along tlie barrel, and continues to act upon it so long 
as the valve is opened, It is thus prqjected Irom the 
gun in ihe same manner as that in whicli a ball is urged 
by the expansive force of exploded gunpowder. The 
force of projection obviously depends on (he degree of 
candenaation which is given to the air in the hall. 

The stock of the gun may contain a msgazine of balls, 
and be furnished with a simple mechanism by which 
these balls may be transferred in aucceaaion into the . 
barrel, so that the gun is easily and quicldy loaded aftec J 
each discharge. 
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The magazine of condensed air may rec«»e 
shapes will be rlifferenlly arranged, but that which 
now deBcribed ia one of die best forms for it. 

The Air Balloon. 

(172.) The physical conditions under whidi aiolld 
body immerse<l in a liquid will rise to the snrfaoe, onll 
to the bottom, or remtun suspended, have been fully 
detailed in a former part of this volume. (Hydnwtatiea, 
Chapter V.) 

If a body be heavier than the quantity of liquid, th« 
place of which it occupies, it will sink by that prepoo- 
dersnce. If it be equal in wei^t to the liquid it di^ 
places, it will remain suspended, as the liquid iuelf 
would ; but, if it be lighter than the liquid wIdeIi ii 
displaced, the niperior weight of the surrounding liquid 
will press it upwards, and will cause it lo ascend ta the 
auiface. 

Liquids being incompressible, all their strala have 
the same density, or nearly so ; and, consequently, a 
solid which at one depth is lighter than the liquid wliieb 
it displaces, will also be Kghter at every depth. Con- 
sequently, if a solid has a tendency to rise towards dw 
surface at any depth, it will continue so 10 rise until it 
reach the surface. If, however, ilie strata of liquid 
approaching the surface had gradually decreaied in den- 
sity, then the solid, which was lighter, bnilc for bulk, 
than an inferior stratum, might be equal in weight, bulk 
for bulk, to a superior one, and heavier, hulk for bulk, 
than others nearer to the surface. Thus, such a body 
would rise at certain depths, but at other lesser ilepths 
it would sink ; and at the deptli of a certain atratutn it 
would remain suspended. 

The property of hquids, whicli is the cause of Aeae 
phenomena, is their power of freely transmittilif; pre*> 
anre. This will be plainly perceived by reftrring M 
(55.), where it is shown that the solid rises to the nr- 
face by the pressure of the column of the liquid whoM 
Imp is conlifnioi:? '■> I' ii'-^ -.-1- .ii> iW »aviie\«iA,«il, 



which pressure is transferred lo the base of the solid by 
the inferior strata of iicjuiU. Now this property of 
transniitting pressure is common to elastic fluids, an4 J 
we are, therefore, warranted in the inference, that a solid I 
suspended in a gaseous fluid, which is Ughter, bulk for ' 
bulk, ihan the fluid, will rise; that if it be heavier, bulk 
for bulk, it will fall ; and if it be equal in weight, bulk 
for bulk, it will remain suspended. That a solid, there- 
fore, may rise in the atmosphere with any given force, 
it is only necessary that its weight should be less than 
the weight of the air which it displaces by the amount 
of that force. Upon this principle balloons are con- 
structed. 

T^e method of constructing a balloon, which natu- 
rally iirst suggtela itself, is to exhaust a large chamber 
of the air which it contains, so as to render it a vacnuni, 
or nearly so : it will then continue to displace the same 
quantity of atmosphere as before, but its weight will be 
diminished by the weight of the air withdrawn from the 
chamber, and it will have a disposiiion to rise in the 
atmosphere proportionate to the diffbrenee between the 
actual weight of the materisla which form the chambM 
and the weight of the air whose place it occupies. Thta 1 
was, accordingly, the method adopted in the earliegl 1 
attempts on record to construct balloons. About tte 
middle of the seventeenth century, a Jesuit named Fran- 
cis Lana constructed four hollow spheres of copper, each 
twenty feet in diameter, and so thin that the total weight 
of the copper composing them was less than the n ' ""' 
of the air which they would displace. 

He proposed lo attach these spherea lo a boat ftas^ | 
nished with a sail, as represented in fig. 46., by whicK' | 
means he hoped to traverse the clouds. 

The method of exhaustion which Lana powesaed waa 
iniufficient to aceompUsh his purpose ; but even had it 
been otherwise, the atmospheric pressure acting on the 
external surface of the attenuated metal globes would 
h»ve crushed them, and proved the project to ' 
practicable. It may be staleA EeQeiaW-j , iW\ tu 
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solid pi>sBes«a wifficient strength W enable a globe, or 
•u; olher leswl formed of il, to resist the atmiMpherJc 
ptetsaie from without, when that ptesaute is not b»- 
bwced hy a corresponding preaaure from within, unk*» 




It be made of bo great a diickness that its weight wit! 
very much exceed the weight of the air which il dis- 
places. 

To give sufficient buoyancy to a large hallow botly, 
and St the same time to secure it from the effect of atmo- 
spheric pressure, it will be therefore necessary to fill it 
with some elastic fluid, which will, by its elaslicily, 
balance the effect of the external air, and, by its small 
specific weight, produce a degree of buoyancy sufficient 
to raise the materials of which it is constructed. In 
this case, at the forces which act on the balloon are hdd 
in a state of equilibrium, or nearly so, no extraordinary 
degree of strengtii is required, and any extremely hgbt 
and flexible substance impervious to air or gas may be 
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The most obvious contrivance which is suggested by 
these considerations is atmospheric air rarefied by heat ; 
for in this case, the expansion produced by the hs&t 
gives the same d^ree of elasticity with a much less 
quantity of atmospheric air. To explain this, let a glass 
bulb A be furnished with a tube T, which, rising from 
it to the extremity at which it is curved, deecendfi into 
a vessel V, fig. 47., containing water of other liquid : 
the air is thus endoeed in the tube in the common state 
of the exxxm^ atmosphere. Let a spirit lamp, or any 
other source of heat, be now applied to the bulb at A ; 
Fig. 47. 
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the air in the bulb receiving increased elasticity from 
the heat will press the water towards the mouth of the 
tube, and, rising in bubbles, will escape at the surface 
of the water. This will continue until the air in the 
tube is highly rarefied ; still, however, retaining a degree 
of elasticity sufiicient to balance the atmospheric pre»- 
sure acting on the surface of the water in the vessd, 
and transmitted by it to ihe surface of ihe wi 
tube. That the air in the tube is highly rareiied, may 
be verified by removing the lamp from the bulb : as the 
tube cools, the air will contract itself into its former 
dimeneionB, and the pressure of the atmospht 
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the liquid through the mouth of the tube sod over 
curved put into the bulb. It will be fotind, thtt in 
this way the bulb and tube will he filled, with the ex- 
cepCiop of a very small bubble of sir, which wUl r^oain 
■uspendeii at the highest point of the tube: thia Inibbk 
win have the same tempentOire aa the external air, and 
the same pressure ; and it iti obvious, that ihia is ai 
much lighter than the air which originally filled the tube 
and bulb, ae ila preGent magnitude is less (ban the wh(de 
contents of the bulb and tube. 

If inatead of a glass bulb we take a large ii^ericri 
bag constructed of any tight substance, and having in 
one part a circular opening or hole, this bag may be 
distended by blowing into it common air. If tha hole 
be then presented downwards, and a lamp suapoided 
beneath it, the flame of the lamp will gradually inereut 
the temperature of the sir contained in the bi^ : it wiO 
thus acquire increased elastic force, by which a part will 
be expelled at the hole under which the lamp i« ni^ 
pended. This process of rarefaction will Im condnned ao 
long as the air contained in the bag recdvea l&cteaeed 
temperature from the heat of the lamp ; but throughout 
the whole process the elastic force of the rarefied air will 
be equal to the external pressure of the atmosphere, and 
the bag will be subject to no force tending either to butsi 
it or to crush it- 
Such abag, if constructed of auflit'ient magnitude, may 
J)g these mesne be rendered lighter than the air whiiA 
it' displacea. it will thus have a corresponding buoyancy, 
and will ascend in tlie atmosphere widi a force equal 
to llie difierence between its own weight and the wdgbt 
^ the air which it displaces. 

The application of these principles form the flrM iuo< 
<MBfiil attempt in aeronautics. In llie year 1783, two 
f«per-makera, named Montgoltier, residlog at Annonai, 
in Fiance, constructed a bag of ulk, in the form of i 
■qvare box, containing shout 40 sohd feel when filled. 
In t)ie bottom of this was placed an aperlure, omler 
which burning paper was applied : it ascended to iMarl^ 
300 feet in the air. Tlie enpeiHueui. ■« " 
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inatituted on a larger scale. A balloon, construeled of a 
capadt; exceeding 700 solid feet, rose in the Bime man- 
ner to an elevation of more thun 600 feet. A balloon 
m the spherical form, but on a Ecale still larger, was next 
CWiBtructed: it contained 23,000 feet, and haJ a huoyl 
■ney capable of rtdaing 500 pounds. It Hscended in the 
atmosphere to ■ height of about 6000 feet. 

Hitherto the experiments were confined to the object 
of ascertaining the mere possibility of ascending in the 
Atmosphere ; and, in Gome cases, the eifects produced on 
animal life at great elevations were tried, by sending u^ 
rarious animals contained in a basket of wicker-work 
niBpendcd from the balloon. 

At length, in tlie latter end of the year 1 783, a balloon 
was constructed at Paris, with a view to transport one or 
more persons into the higher regions of the atmosphere. 
This machine was composed of an elliptical bag, 74 feet 
in height and 48 in diameier. Immediately under an 
aperture in the bottom of the bag was suspended an iron 
gnle within reach of the aeronaut, on which was placed 
the burning fuel to maintain the rarefaction within the 
balloon. An ascent was made to a height of about 3000 
feet by M. Pilatje de Roziere and the marquis d'Arlandes. 
After this experiment various others succeeded in balloons 
constructed in the same manner. 

The first projector of these balloons conceived that the 
machine owed its buoyancy to the gas produced by the 
&re, and which with an elastic pressure equal to the ait 
was specifically lighter; still the mechanical principle of 
the ascent was not mistaken. 

The step from fire balloons to balloons filled w 
apecifically lighter than atmospheric air, of the same 
pressure, was now easy and obvious. The gas at present 
denominated hydrogen was submitted to a seri< 
periments, by which it was found that its specific gravity 
was only one seventh of that of common atmospheric air. 
It was obvious, therefore, that a balloon filled with (his 
gas would have considerable buoyancy. Balloons were 
accordingly constructed and inflated with this gas, and 
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aeronaut in nfety. Ten years after thU, M. Gamena 
made several suecessful experimenla with the patachule. 
He pUoed it half expanded between the baUoon sod the 
car, Eo as to spread like an umbrella above him. At 
the height of about SOOO feet be bad the intrepidity to 
cut off the parachute and car from the balloon. He <Ia< 
ecended slowly, the parachute gradually unfolding itielf, 
and finally reached the ground in safety. The same ex- 
periment was several times repeated with similar buc- 
cesa, lu one case he descend^ from the perpendioolu 
height of HOOO feet. 

As (he baUoon derives its efficacy from the neight 
the atmosphere, the parachute depends on the inertia 
that fluid. In descending, the broad concave surface 
the parachute must drive before it the column of air e 
tending from its Hurface to the ground ; but the circuD 
itance on which its principal excellence depends is, thai 
the resistance arising from this inertia increases in a 
more rapid proportiou than the vefccily of descent. A 
double velocity in the parachute noiUd produce a four- 
fo]<l resistance in the air; a threefold velocity wotdd 
.produce a ninefold resistance ; a fotirfold Telocily a six- 
teenfold resistance, and so on. The law of this resist- 
ance has been already fully explained respecting Uquids 
in (107.) ; and it may be explained in the case of the 
atmosphere in exactly the same words ; but in the case 
of the descent of the parachute from great elevatious, 
there is an obvious cause which makes the resistsnM in- 
crease even in a more rapid proportion than is indicated 
by this law. The increase of the resistance in the pro- 
portion of the square of the velocity arises from the 
supposition that the resisting fluid dirough which the 
body moves continues to be of the same density. Now 
this is not the case with the atmospheric air through 
which the parachute falla ; each stratum into which it 
enters lias a density greater tlian tliat from which it 
descends, and consequently on that account alone triQ 
.offer a proportionally increased resistance. This cau«, 
qtdded to the former, will very speedily compel the put' 



deUe to descend with a uniform vclocitj'. This veloa 
dty will be Email in the same proportion as the parachut 
IB large, itnd as the weight of the car and il 



As the gas by which a balloon is inflated is lighter than 
the atmosphere, the valve provided for its escape, when 
the aeronaut wishes to descend, is placeil usually in the 
top of the balloon. If it were placed in the bottom, evea 
although it were open, the gas would not escape ; at least 
not in any considerable quantity, nor with any degree of 
certainty. The superior pressure of the atmosphere, and 
the natural levity of the gas itself, would prevent its es- 
ospe; but when the valve is placed in the top, the gas wiU 
« from it on the «ame principle as a lighter fluid rises 

a heavier. The car which bears the aeronaut is usuallf 
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ittnd whieli is coniiecied with it by a number of rope* 
■nd strings, as represented injfj. 4S. 

Tbe total impructieabiljty of guiding or govtndag 
balloonE in their course through tlie wr, has tiitbEm 
prevented theni from being appUeil to any purpose of 
extensive utility. Scientific men have, on some occa- 
sions, ascended in the atmosphere, with a view of ob- 
Berving at great elevaiiona die effect of temperalurs, 
pressure, electridty, and other phenomena conneel«l 
with meteorology. In 1804, M. Gay Lussac and M. 
Biot made an ascent from Paris, furnished with varioot 
meieorotogical apparatus, to a height of upwards of 
13,000 feet. Soon afterwards, M. Gay Luasac ascended 
alone, to a height of 33,000 feet above Paris. In 1807. 
M. Gamerin ascended at ten o'clock at night from Paril, 
and, rising with unusual rapidity, soon attained an im- 
mense elevation above the clouds. By some neglect, the 
apparatus for tlischarging the gas from the balloon wu 
found to be unmanageable, and the high degree of rare* 
faction at u> great an elevation produced in the ballocm 
euch a tendency to burst, tliat the aeronaut was obliged 
to cut a hole in the silk to allow the escape of the air. 
The balloon then descended with such rapidity, that he 
was obliged to cotinieraol its motion by casting out all 
his ballast, The balloon thus continued alternaiety rising 
and sinkinj^ for nearly eight hours, during which he ex- 
perienced the eSects of a thunder storm, by which he 
was finally dashed against tbe mountains. He landed «t 
Mont Tonnere, at a distar.^^ of SOO miles from Paria. 

The effects produced on the aeronaut by the rarehc- 
tion of the atmosphere at great elevations, are seurablj 
manifested in ■'espiration ; the pulse is rendered more 
rapid, the head unusually swelled, tend the throu 
parched. 

The intense cold which also necessarily accomjianies 
rarefaction produces great inconveniences, and an irre. 
■istible disposition to sleep is felt, 

It has been found also that storms and cnrrents in tbe 
Mtmoaphete arc local, and iliu iiVu^ ooe BV!MaxB.u iSkmBi 
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agilAted, other Btrnta inferior or superior to it wiil be 
calm. B; managing his ascent or descent, the serooaut 
may thus transfer himself from wind to stiUnees, from a 
storm to a calm, or from one current of wind to another 
in a different direction. The velocity with which bal- 
loons are sometimes traliEported through the air amounts 
to eighty mites an hour. The appearance of the clouds 
from great heights is said to resemble a plain of snow, 
OT a sea of white cotton. Those which are charged with 
electricity are said to resemble the Kmoke of ordnance. 
Clouds containing hail or snow are often encountered, ia 
which the car becomes almost filled with these substances. 
Clouds of miEt or rain frequently drench the aeronaut. 
When birds are allowed to escape from the balloon at a 
great height, they fall almost petpendictilarly downward*, 
the attenuated air not having sufficient inertia to o&^ 
resistance to their wings.* 

Attempts have been made to render balloons useful in 
military operations, by viewing from an elevated positiott 
the disposition and movements of an hostile army. An 
academy, with this object, was actually established at 
Neudon, near Paria, during the law war, where a corps 
of aeronauts was trained to the service. A balloon was 
kept constandy inflated, and secured to the ground by a 
rope, which allowed it to ascend to a height of abotit 
twenty*Gve yards. At this institution military balloona 
were prepared for Ibe different divisions of the French 
army ; and on one occasion an ascent was made by a 
French general, at the battle of Fleury, to a height of 
nearly 500 yards, from which he reconnoitred the hostile 
armies. It is said that the signals which were made Co 
general Jourdan on this occasion decided the fate of 
the engagement. The project, however, has long sinca 
been abandoned, not being found generally available. 

It has been proposed to render balloons useful in geo- 
gntphical surveys, both as a means of raising the observer 
to great elevations, and of transmitting signals to great 
distances. 
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Tke Dining BtR. ^1 

(ITS.) The spirit of enquirj' which so strongly dlj^| 
iterices the human mind, and which Btimulates ini^l 
to undertakings in which life itself is imminently rislted, 
has not only prompted him to ascend into the r^ona of 
the air, but has also carried him to the deptha of the sei. 
The practice of diving is of very eariy origin, and wm 
flrst probably adopted for the recovery ofartieles of value 
dropped into the water at small depths. Instances are 
recorded of persons having acquired by practice the habit 
of enduring mbinetsion for a length of time, which in 
many cases seems astonishing, and in others altogether 
incredible. Indeed, the cttcum stances attending most 
of these narrations bear unequivocal marks of fiction. 
The gratification of a taste for the marvellona does not 
tempt us to allow a space in our pages for a dcscripdon 
of the feats of the Sicilian diver, whose chest was so capa- 
cious that by one inspiration he could draw in suffideot 
air to last him a whole day, during which time he would 
sojourn at tlie bottom of the aea, and who became so 
inured to the water, that it was almost a matter of 
indifference to him whether he walked on dry land or 
swam in the deep, remaining often for five days in the sea, 
living upon the flsli which he caught ! 

Various attempts were made \o assist the diver by 
enabling him to carry down a supply of air; and afler a 
long period and gradual improvements, suggested by 
experience, the present diving-bell was produced. 

This machine depends for its efficacy ou that quality 
in air which is common to all material substances, impe- 
netrability; that is, the total exclusion of all other bodiec 
from the space in which it is present. The diving-bell 
ii a large vessel closed at the sides and at the lop, but open 
at the bottom. It should be perfectly impenetrable to 
air and water. When such a machine, with its mouth 
downwards, is pressed into tlie water by sufficient weig^B 
suspended from it, tlie air contained in it at the nu^ 
^^will be enclosed by the sides, the top, md tt 
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the water which entett the noulh of the msdiiiie. As 

it descends la the Uiiuid, the sir iodoied in it is subject 
to the pressure which increases Id proportton to the depth, 
■nd by virtue of its elasticity wil] become condeosed in 
proportion la this pressure. Thus at the depth of about 
34 feel^ the hydrostatic pressure will be equal to that of 
the itinospherc; and since the air at the surface of the 
water is under the atmospheric pressure, it will be afiected 
by double the pressure at the depth of 34 feet. It will, 
therefore, conformably to what was explained in (132.) 
be condensed so much as to be reduced to half its origiiud 
dimenfiiona. Half the capacity of the machine will, 
therefore, be filled with water, and the other half will 
contain all the air which filled the machine at the mo- 
ment of its immersion. As tlie depth is increased, the 
space occupied by the air in the bell will be proportion- 
ably diminished. 

It is well known that if an aninml continue to respirB 
in a space from which a fresh supply of atmoepheric air 
is excluded, the air confined in the space will at length 
become unfit for the support of life. This is owing to 
■n effbct produced upon the air drawn into the lungs, by 
which when breathed it contains carbonic acid, an ingre- 
dient not present in the natural atmosphere, end which 
is highly destructive to animal life. When the ur in 
which the animal is confined has been breathed for a 
length of time, this effect being repeated, the air enclosed 
becomes highly impr^;nated with this gas ; and if its 
escape be not allowed, and a fresh supply of atmospheric- 
air admitted, the animal cannot live. If, therefore, a 
diving-bell be used to enable persons to descend in water, 
it will be necessary either to raise them to the surface 
after that interval in which the air confined in the bell 
becomes unlit for respiration, or means must be adopted 
to send down a supply of fresh air, and to allow the im- 
pore air to escape. But besides this, there is another 
reason why means of sending down a supply of air are 
necessary. It has been already proved, that the hydro-' 
ikK&e pressDie causes the water to fill » luge '^iX. ^ '^« 
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capacitf of the machine, the air contained in it beinf;ca^ 
densed. It ia necessary, therefore, in order to mainldn 
suflicjent room for the diver free from water, to Eupplj 
such a quantity of air, ae that in its condensed Blaie il 
will keep the surface of the water near tile mouth of ibe 
machine. Thus, at the depth of 34 feet, it will be necu- 
sary to supply as much air as would fill the bell in iO 
natural stale. At double (hat depth, as much more -will 
be necessary, and so on. 

The air necessary for these purposes is supplied by 
one or more large condensing syringes, constructed on 
the principle explained in (l62.). These syringes ot 
pumps are placed above the surface of the water iolD 
which the bell ia let down, and they communicate with 
the interior of (he bell by a flexible tube carried through 
the water and under the mouth of the bell. Through 
this tube any quantity of fresh air, which may be requi- 
site for either of the purposes already mentioned, lnB| 
be supplied. A tube furnished with a stopcock u 
placed in the top of the bell, by which the diver ■ 
any quantity of impure air escape to make room I 
fresh airwhich is admitted. Theimpure alt will g 
its levity in hubhlea to the surface. 

The diving bell received its name from the 
originally given to it. It was constructed with a 
top, increasing in magnitude towards the mouth, thus 
resembling the shape of a bell. It is now, however, 
UBually constructed square at the top and bottom, the 
bottom being n little larger than the top, and the sides 
sli^tly diverging from above. The material is som^ 
times cast iron, the whole machine being cast in one 
piece, and made very thick, so that there is no danger 
either from leakage or &aciure. In this case the weight 
of the machine itself is sufficient to sink it. Diving 
bells, however, are also sometimes constructed of clow 

ined wood, two planks being connected togethe: 
!t lead between them. 
J the lop of the macbme btc ^\n*i W4ev& 
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glass lenses for the adniission of light, such as are ueeil in 
tbe ilecks of vessels to illuminate the apartments belon. 

The shape of the machine ia generally obioiig, with 
ieats for the liiver at the end, shelves for tools, wriliog 
materials, or any other articles necessary to he carried 
down, are placed at the sides ; and below the seats (here 
are boards placed across the machine to support the feet. 
Messages are comniunicaled from below to above either 
in writing or by signals. A board is carried in the beU 
on which a written message may be chalked. This 
board communicates by a cord with the arm of the su- 
perintendent above, who, on a signal given, draws it upj 
■nd who, in a similar way, is able to return an answer. 

When the hell is of cast iron, a system of signals may 
be made by very simple means : a blon struck by a ham- 
mer on the liell produces a peculiar sound distinctly au- 
dible at the surface of the water, and which cannot be 
mistaken for any other noise. The nutnber of strokes 
made on the hell indicate the nature of the message, the 
Bmoller number of strokes signifying tliose messages most 
frequently necessary. Thus, a single stroke calls for a 
supply of fresh air; two strokes command the hell to 
stand still ; three express a desire to he drawn up ; four 
to be lowered, and higher numbers express motion in 
different directions. Of course this system of signals is 
arbitrary, and liable to he varied in different places. 

The hell is usually suspended from a crane, which il 
placed above the surface of (he wat^r, and in order to 
move it this crane is placed on a railway, by which it is 
enabled to traverse a certain space in one direction. The 
carriage which traverses this railway supports another 
railway in directions at right angles to it, on which ihe 
crane is supported. By these means two motions may 
be given to the crane, the extent of which may be de- 
termined by the leugtli of the railway, and the bell may 
be brought to any part of the buiiom ubich is perpen- 
dimlarly below the pHrallelograni (dined by the length 
of the railway. 
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AililnUe, hit knowlcd 



Atmospheric air, iU prDpertlfl^ 
SSG i ita olutidtj equaT ia iti 
weight, «*3i ill h^ghl, 2S6] Iti 
pmnjTF, StiT i pr»surD bunta a 



Balnnce, hjdiralitk, 1 
BilLut, id cOtct In ■)> 
BiNcock dplaineil, 10 
BaUnoiu, ATsSi; k 



IK water, the pTDCcta of, I] 



CiCin, melliod of aapplTlllg them 
ClDclii, otnamenul fmiDUlii, 
C<]Dipiaallill(ty,£:a 



DcrHit, hi! hydrrolM, 118. 
OLagoDalbaimiuSH.^ei. ' 






DIvlntbtH, 3«. 



DIvlDE-Ml. 



EImUcLIv of sir, iHO 1 brmortkiml 
to iu Jenilly. 931 ; i>rtitm«phen 
equal to iti wdghl, £t3i d( nil 
buTsUB bladder, £<& 

Engine, ^^^3al 

EKbuistUsg iiilnge, SSa 



Fliei, th^r nwec of walking 
crUlnI^S69. 



FOKing ftUEDp, S\9 ; ihiublci^ 33 

fiS : for birdlABGL ^*. 
Fnill dtlcd at ihiivtlled, ixn 



OaiUiaiden, Z75. 
Otum of air-pump, Sss. 



[ Beit, it! eflteM, 2S 

Hrdiaulla, ];u 
Hvdrogen Ant iw 
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examplM of, in animal economy, 
21 ; proportional to the depth, 23 ; 
equal in all directions, 28 ; on the 
sides of a vessel, 31 ; on embank, 
ments, S5; greater than the 
weight which produces it, 37; 
independent of the shape of the 
vessel, 39. 

Proof, spirit, IIOl 

Pumps, their theory discovered by 
Torricelli, 248 ; water cannot rise 
in, without atmospheric pressure, 
299; lifting, 310; without firic 
tion, 312 ; suction, 314 ; forcing, 
319 ; double forcing, 325. 



R. 



Railroads, their advantages, 195. 

Rarefaction of air, 279. 

Regulation of milL-work by go. 
vemor, 211. 

Resistance of air, its efiftets, 230. 

Respiration rightly accounted for 
by an ancient writer, 247. 

Rivers, their origin and course ex- 
plained, 62 ; their disappearance 
explained, 64 : eddies of, 184 ; 
flowing through a lake, 181. 

Bocks split by the pressure of li- 
quids, 48. 



Scale of barometer, 252: 

Screw of Archimedes, 206. 

Ships, their form explained, 100; 

why they lean sidewards, 131. 
Rkes^ hydrometer, 157. 
Siphon gauge, 293; Wurtemberg, 

330. 
Sky, its colour accounted for, 225. 
Sluice, governor, 211. 
Solids measured by immersion, 77. 
Sound can only be produced in air, 

d04i 

Specific gravitv, 133; methods of 
finding it, 150 ; of a mixture, 168. 

Spirit level, 74. 

Spouting fluids, velocity of^ 171. 

Springs explained ; submarine ones 
explained, 63. 



SteamJxMits, use of moveable 
weights on deck, 132. 

Suction, ancient theory of, wrong, 
246. 

Suction pump, 314. 

Syringe, exhausting, 280 ; condens- 
ing, 305. 



Teapot, form of its spout, 55 ; why 
a hole in the Ud of, 272L 

Tequendama, cataract of, 64. 

Torricelli accounts fw the eleva- 
tion of water in pumps; disco- 
vers the barometer, 2m. 

Toys, philosophical ones, 107. 



V. 



Vacuum, ancient doctrine respect- 
ing, 246l 
Vaporization, 224. 
Vapour, 224. 
Vena contracta, 178L 
Vent-peg, 271. 
Vemiw applied to barometer, 860. 

W. 

Walking on water, 129^ 

Water apparently converted into 

wine. 111: how obtained pure, 

137 ; wheel, overshot, 196 ; under- 
shot, 202; breast, 203. 
Waves, optical deception of ; causes 

of this appearance, 58. 
Weather-HKlasB, common rules ab. 

surd, 263 ; correct rules of it, 264 
Weight lost by immersion, 82; of 

air, 2S8 ; of atmosphere equal to 

its elasticity, 243. 
Wells of water explained, 63. 
Wheel barometer, 25& 
Wind arises from the inertia of air, 

231 ; its effbcts, 232. 
Wine, guggling noise hi decanting, 

277 ; error in the common method 

of cooling, 115. 
Wurtemberg siphon, 3S1. 



THE END. 
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